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A. HISTORY OF ORGANIZATIONAL ACTIVITIES 

1 . Organizational Conference. September, 1963 

The Coflinission on College Physics (CCP) and the Advisory Council on 
College Chemistry (ACCC) often discussed during their early meetings the 
need for better college science courses for the preparation of elmentary 
school teachers. On Sep 5-7, 1963 these two organizations sponsoried a 
conference in Chicago to explore the need for and .interest in the de- 
velopment of materials for a laboratory-oriented physical science course 
which would be interesting and helpful to elementary education majors. 
Forty physics teachers, chemistry teachers, and representatives of state 
education depa^tments from California, Florida, Illinois, New York, 
Pennsylvania, Texas, and Washington participated. Geographical group- 
ing of invitees was employed in the hope that a group with enthusiasm 
and talent above threshold for the organization of a development pro- 
ject would initiate short-range interactions resulting in a successful 
proposal for support. 

The conferees agreed that a new type of college-level physical 
sciance course should be developed. They also identified desirable 
objectives for such a course and enumerated the characteristics typical 
of the students who would enroll. Sufficient Interest wai. exhibited 
by some conference participants to justify a discussion of appropriate 
organizational procedures and the identification of competent, avail- 
able project staff. A report of this conference is included In Ap- 
pendix A-1 . 
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2. Fotlow-up Conference, October, 1963 

The Chfcago Conference generated considerable interest in the de- 
velopment of physfcal science course materials among scientists and 
educators in the North Atlantic region. To stimulate further efforts 
toward the organization of a course-development project, the Commission 
on College Physics, assisted by the Advisory Council on College Chem- 
istry, held a meeting at their own offices in Ros«nont, Pennsylvania 
on Oct 18-19, 1963. Invitations were sent to 26 individuals Selected 
because xf their insight and experience in teaching science to non- 
science majors or because of qualifications for specific roles it was 
hoped they would play in future activities. In addition to talented 
teachers and curricul;«n developers, the participant list included 
designers, film makers, and apparatus devjlopers who contributed to an 
emphasis on the artistic presentation of science materials through the 
use of media and techniques not conventionally used for science in- 
struction. Philip Morrison gave the keynote address, a talk which was 
later published under the title "Less May Be More' ' (reprint included 
in Appendix A-2) . 

An important result of this conference was the development of a 
feeling for the tone and style appropriate to a succw^ssful course for 
nonscience students. A more tangible accomplishment was the identi- 
fication of Rensselaer Polytechnic Institute (RPl) as a suitable de- 
velopment site and Lewis Bassett, Professor of Chemistry at RPI , as a 
willing and able administrative director. A report of this conference 
is included as Appendix A-2. 
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3. Continuing Discussions « Winter, 1963-6^ 

During the winter of 1963-6^*, discussions aimed at describing a 
desirable course continued. Contacts were made with prospective pro- 
ject staff members, and arrangements wera made for providing the facili- 
ties and services which would be required fay the materials developers. 
Preliminary drafts of a proposal requesting project support were also 
prepared. The principle participants in these activities were Lewis 
Bassett, Harold Faigenbaum, and Robert Resnick of RPI and Walter Michel s, 
Edward Lambe, and Arnold Strassenburg of CCP. 

Progress on the proposal proceeded slowly. It was difficult to 
secure conroitments from an adequate number of creative scientists. Thero 
was insecurity concerning the possibility of ultimately obtaining a 
grant, and neither RPI nor CCP could sustain operations for long without 
one. Yet the concept of a good science course for elementary schools 
teachers was iTfectious and efforts continued. A major breakthrough 
occurred in April when Dr. Elizabeth Wood, then a crystal lographer at 
Bell Telephone Laboratories, agreed to serve as leader of the materials 
development staff. 

4, The Boulder Conference on Physics for Nonscience Ma jors. Ju1yJ964 

At the same time that discussion'^ about a physical science course 
for prospective elementary school teachers were occurring, the Com- 
mission on CoUage Physics was promoting a conference on physics courses 
for nonscience majors. While these two projects were originally de- 
signed to serve what were conceived to be somewhat different needs, the 
obvious relationship between them was apparent. The CCP staff physicists 
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felt that the proposed C9nference on physics courses Mould provfde an 
excellent opportunity; to prepare specf f! cations for suitable physical 
science courses, and that the existence of course descriptions would 
assist the RPI group in their efforts to prepare a proposal for coursa 
development. Attrition to physical science courses was therefore built 
into the plans for the conference. 

The University of Colorado ultimately requested of and received 
from the National Science Foundation a grant ta^ich permitted them to 
host the conference Jul 20-29, I56i*; Malcolm Correll of the Colorado 
Physics Department served as conference director. Physical science 
courses received attention in two ways. First, physical science courses 
taught during 1963 - 6^* by Walter Knight at the University of California 
«t Berkeley, by Melba Phillips at the University of Chicago, and by 
Edwin Uehling at the University of Washington were described in detail 
by the instructors and analyzed by the conference participants. Ex- 
panded course outlines, including records of daily events, of these and 
other courses were provided in advance to conference participants. 
Second, one of spven small discussion groups devoted its time for por- 
tions of six days to the production of outlines for several types of 
physical science courses. An early conception of the PSNS course was 
contributed by £. A. Wood in the form of a course outline complete with 
"guiding principles", "useful techniques", "topics and some sug- 
gestions for their treatment", and "first-hand experiences" to 
illustrate the phenomena to be studied. The enthusiastic acceptance 
of this course outline certainly gave confidence to the RPl group and 
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contributed to the ultimate adoption by the PSNS staff of many ideas 
which received their first thorough examination at Boulder. The re- 
levant pages of The Proceedings of the Boulder C onference on Physics 
for Nonscience Majors are reproduced in this report as Appendix A-3. 

5. The Birth of PSNS. September, ]96k 

Following a year of labor, the PSNS Project though, still unnamed, 
was born in a Howard J^nson Motor Lodge in Latham {near Troy) New York 
on Sep 9-n, 1964. Having by then established the general features of 
the course to be produced and having identified a sufficient ni^ber of 
interested and creative materials developers, the PSNS leaders met to 
prepare a final version of a proposal for project support. The CCP 
provided fund and staff assistance for this meeting. 

Two groups developed and worked separately on essential elements 
of the proposal. One group continued earlier discussions concerning 
the content and level of the course. There were vigorous debates about 
the importance of slowing the pace and narrowing the scope ordinarily 
associated with elementary-level interdisciplinary science courses. 
RPI scientists played prominent roles in these discussions; these in- 
cluded Robert Resnick and Lawrence Katz of the physics department and 
chemists Stanley Bunce, B. Wunderlich, and Harold Faigenbaum. This 
group ultimately produced a detailed description of the proposed course 
in substantial agreement with the model which had evolved from the 
Chicago, Rosemont, and Boulder Conferences. 

The second group specified mechanisms for implementing the course 
development plans. The sources of needed resources were identified and 

U 



• production ichedule was adopted. The leadership roles to be played 
by Lewis Bassett, Elizabeth Wood, and Robert Sells were described and 
appropriate commitments were obtained. 

The final result of these efforts, after some editorial work during 
September and October, was a completed proposal which was submitted to 
the National Science Foundation in November, ]9€k. A gran* was made by 
the Foundation to Rensselaer Polytechnic Institute in April, I965. 
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B. ADMINISTRATION 

As discussed in Section A of this report, Rensselaer Polytechnic 
Institute submitted a proposal to the National Science Foundation in 
November 196** for the development of a course in Physical Science for 
Nonscience Students (PSNS). A copy of this proposal appears as Appendix 
B-1 of this report. The NSF awarded a grant (No. GE-8573) to the 
Institute in April 1965- In the interval between these two events, 
considerable thought was given by the leaders of PSNS to the overall 
organization of the proposed p-oject. With the advice of NSF in the 
course of negotiations leading to the grant, it was decided that the 
administrative staff would consist of a Director, Professor Lewis G. 
Bassett of the Chemistry Department of RPI , who would be the principal 
administrative officer of the project, and two Associate Directors, 
Professor Robert L. Sells of the Physics Department of State University 
of New York College at Geneseo and Dr. Elizabeth A. Wood of the Bell 
Telephone Laboratories. Dr. Wood would be in charge of the substan- 
tive part of the project, that is, the development of the course itself 
including the procurement of staff and materials to irrplement the de- 
velopment and operation of the course. 

In addition an Advisory Board of leaders in science education was 
organized, with Dr. Wood as Chairman, to advise and assist these 
officers in the discharge of their duties. A Hst of the persons who 
have served on the Advisory Board over the years and an account of 
the invaluable contributions they have made to the succ6-.s of PSNS 
constitute Section D of this report. It should be mentioned and 
emphasized here that the members of the Board have served throughout 
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the life of the project without pay. Expenses incurred in attendance 
at meetings have been borne by the project, but no consulting fees, 
honorariums,, or the like have been requested by or paid to these men 
and women in return for their advice. 

The substantive part of the project, that is, the development and 
implementing of the course, and the operations of certain special pro- 
jects such as evaluation and promotion, are ciscussed in detail in 
Sections C and E of this report. 

This Section B is reserved for a discussion of the more important 
aspects of the many administrative details which are an inevitable 
part of a project of this magnitude. Particular attention will be 
given to the financial matters which include funding, type and magni- 
tude of disbursements, and even the disposition of a small amount of 
income. There is also a brief discussion of the role of adninistra- 
tion and the part played by uhe administering officer and institution 
in a project of this sort. 

1 . Financial Matters 
a. Funding 

jhe original proposal, submitted to NSF on Nov 5, )96k, pro- 
posed a termination date of Sep 30, 1966 and a budget providing for 
an expenditure of $249,435. During the course of negotiations over 
the next few months, this sum was increased to $281 ,060. Some of the 
increase was at the request of RPI and some resulted from suggestions 
by NSF. The steps in the provision of these funds and further exten- 
sions are listed below: 
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(1) NSF Grant .E-8573, Apr 11, 1965. Termination Sep 30, 
1966. SiOT provided by grant |l 28,1 10. 

(2) Amendment No. 1, Nov 3, 1965. 

Sun provided - ?152,950 (balance of the $281,060 above). 

During the spring and summer of 1966, RPI proposed an extension 
of the termination date to Nov 30, 1968, and submitted a budget calling 
for an additional expenditure of $403,305. 

t 

(3) Amendment No. 2, Oct 19,1966. Termination ext«ided to 
Nov 30, 1968. Sum provided - $250,000. 

(if) Amendment No. 3, Jun 30, 196?. 

Sum provided - |l53,305 (balance of $403,305 above). 

Amendment No. 3 brought the total funding provided by NSF for 
PSNS to $684,365. No further funding has been requested or provided. 
The termination date has been extended a nianber of times without 
additional funds. This has been accomplished by negotiation by cor- 
respondence between the project Director and the incumbent Program 
Director of the Science Curriculum Improvement Program of NSF. No 
formal amendments have been necessary. 

(5) Letter from NSF to the Director, May 16, 1968. Termina- 
tion extended to Jun 30, 1969. \^ 

In the sunxner of I968, RPI cut drastically the funds available 

to the project Director. This move was caused by the retrenchment 

program of NSF. The result was a severe delay in PSNS activities. 

The original funds were restored in January 1969 and an extension of 

the termination date was requested. ^ 

(6) Letter from NSF to the Director, Mar 20, 1969. 
Termination extended to Jun 30, 1970- 



In the spring of I970> it ms obvious that the evaluation program 

and the vforkshop program could not be c«np1eted by Jun 30, 1970. Funds 

were still available, and a further extension was requested for the 

first semester of the academic year 1970 - 71. 

(7) Letter NSF to the Director, Jun 16, 1970. 
Termination extended to Jan 31, 1971. 

It is anticipated that project activities will be completed at 

the end of January 1971, including this final report, and the project 

will terminate at that time. 

No discussion of financial matters can be complete without an 
expression of appreciation for the patience and consideration dis- 
played by the gentlemen who have occupied the position of Program 
Director of the NSF Science Curriculum Improvement Program over these 
six years. They have been our primary contact with NSF and we are 
grateful to them. 

b. Pi sbursem'ents 

The above discussion on funding presents a definite total 
figure ^68^,365. One cannot be so definite at this point about dis- 
bursements. The total disbursements through October, 1970 are 
$652,035.59. This does not include bills outstanding as of Nov 1, 
and It does not include costs incurred during the last three months 
of the project Nov 1 , 1 970 - Jan 31 , 1 971 . A final balance between 
funding and disbursements cannot be made until the books are closed 
after the termination of the project when RPI will report total dis- 
bursements in three categories: salaries, supplies and services, and 
overhead (15% of direct charges). 
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Figure B-1 Annual Expenditures of Funds 



It is useful at this point, however, to consider the more import- 
ant types of expenditures, those characteristic of the project, and to 
present an estimate of the totals anticipated for each type- Since 
we are accustomed to Jge importance by dollars, we might expect 
that we would arrive at the relative importance of various aspects of 
the project by listing the cost of each. It is hoped that we can 
avoid this trap. Furthermore, in estimating type costs there may be 
some duplication. For instance, the cost of printing and distribution 
of test instruments for evaluation are included below in both dis- 
bursements for publication, and disbursements for evaluation. Keeping 
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these tfalls in mind let us consider estimates of some of the major 
types of disbursements: 

(1) Salaries and Consulting Fees 

These tvio methods of reimbursonent are considered 
together because of the nature of the project. Since practically 
all of the professional staff in the simmer sessions were teachers, 
they were each paid a summer salary on the bais of the time spent 
in Troy and the academic salary for the academic year following. 
(They were also provided living quarters by the project for 
them'seives and their families.) Service personnel were paid at 
hourly ^ates set by RPI . when services of professional staff 
were required during the academic year, remuneration was made 
through a consulting fee of $75 per day. With NSF approval, a 
higher daily rate was paid for certain special services such as 
conducting a workshop session (see Section E) or supervising a 
comprehensive evaluation program. 

Through Oct 31 , 1970 the project has paid about $190,000 
in salaries and $4o,000 in consul ting fees . Estimating additional, 
expenditures for the last three months of the project, and add- 
ing 15% for overhead on these direct charges, we arrived at a 
figure of about $250,000, or about 37% of the total funding of 
the project. 

(2) Pub 1 i cation (at Project Expense) 
(a) At RPI 

The five volumes of the First Preliminary Edition 
of the text AN APPROACH TO PHYSICAL SCIENCE were printed by Central 
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Duplication and distributed by the Mailing Room at RPI. The 
total costs were approximately $16,000 which were paid by the 
project. 

(b) At Fort Orange Press (Albany, N.Y.) 

The Second Preliminary Edition of the text was printed 
and distributed by the Fort Orange Press of Albany, N.Y. Students 
taking the course were charged a nominal sum of one dollar for 
each of the three volumes constituting the text. The remainder 
of the costs of this edition was paid by the project. 

In addition to the second preliminary edition of the 
text. Fort Orange printed and distributed the following! 

The First Preliminary Edition of the Teachers' Re- 
source Book 

Five Newsletters (see Appendix £-3) 

Two test instrisnents for the Evaluation Program 

The final report of the project. 

Widespread distribution (from 1000-2000 copies) was 
made of each of the above. The total expenditures to Fort Orange 
Press (including the final report) are estimated to be about 
$44,000. 

Total disbursements for publication are then estimated 
to be approximately $60,000, adding 15% overhead we obtain 
$69,000 or about 10% of the total funding. 

(3) Publication by John Wiley and Sons, Inc. 
(a) Procedure for Selection of a Publisher 

In December 1966 we asked the American Textbook 
Publishers' Institute to announce to ill textbook publishers a 
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briefing session at which the PSNS project directors would 
describe specifications for publication of course materials and 
invite proposals from the publishers. This session vas held 
at the American Institute of Physics headquarters in New York 
on Jan 10, 1967. About twenty different publishing houses were 
represented; some sent more than one representative. Bassett, 
Wood, Sells, and Strassenburg each described briefly aspects 
of progress in materials development and outlined hopes for the 
final product. There followed a lengthy question period. Several 
other Advisory Board members were also present and assisted 
the directors to provide answers. A deadline on proposals one 
month later was announced; when several publishers complained, 
this was increased to six weeks. 

Eventually eight complete proposals were received; 
several other publishers sent publicity, books, and notes in- 
dicating interest but requesting an extension. Board members 
were invited to assist in reviewing the proposals; help was 
received from Resnick, Holden, Hoi comb, Werntz, Bassett, Wood, 
Sells, and Strassenburg. These individuals met on Mar 21-22 
and, after much discussion, succeeded in sorting the proposals 
into two groups: (1) promising but not enough information to 
guarantee satisfaction, (2) Insufficient evidence for thorough 
understanding of and sincere interest in the goals of the 
project. It was decided to invite the four publishers in 
category (1) for private discussions with the directors. These 
discussions, each lasting two hours, were held on Apr 4; Bassett, 
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Wood, Str«s$enburg, Resnick, and Holden represented PSNS. As « 
result of these discussions, ft became clear that one publisher 
did not understand the goals of the project, and another did 
not appear interested in cooperating with the directors in 
matters which we felt needed special attention. The remaining 
two publishers, one new and small, one old and established, 
both made strong bids, and no immediate decision was rendered. 
The five Board members subnitted mail ballots within three days 
and WiJey was awarded the contract. 

Wiley and RPI signed a contract approved by NSF on 
Feb'29, 1968. 

(b) Wiley Publications 

Third Preliminary Edition of the text 
Final Hard-cover Edition of the text 
Final Edition of the Teachers' Resource Book 
Supplementary Chapters (5) to the text 
Equipment Catalogue (see ik) betow) 

PSNS oersonnel has assisted Wiley in the promotion of published 
materials. For example. Earl Carlyon and A.A. Strassenburg were in- 
vited to describe PSHS materials to the Wiley salesmen at their annual 
meeting on Sep 13-1^, 1968 at Montauk, Long Island, Strassenburg 
discussed the philosophy of the course, the audience for whom the 
course is intended, and the unique features of the course, Carlyon 
described the apparatus and performed several demonstrations. It 
appeared that the idea of selling apparatus and books as a package 
appealed to the Wiley salesmen. / 
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(c) Foreign Trinsl«tion$ 

With the approval of PSNS and NSF, Wiley has arranged 

for foreign translation and publication in Japanese and Spanish. 

Wiley has approved contracts with 

Tokyo Kagaku Dozin Co., Ltd., Tokyo, Japan 
Editorial Reverte, SJ^., Barcelona, Spain 

furthermore, Wiley Eastern Private Limited, a sub- 
sidiary of Wiley, is arranging for the publication of an inex- 
pensive, paperback edition of the text in cooperation with the 
U.S. Information Service and the Government «f India as part of 
the joint Indian -American Textbook program. 

Publication of both of these translati<»is and the Indian book 
(in English) may be anticipated in 1971- Considerable use of the 
PSNS course in Japan, Spain, South America and India may be antici- 
pated. 

(d) Income 

The contract with Wiley provides for royalty pay- 
ments to RPI which holds the copyright on PSNS publications. 
Twice a year royalty payments are received from Wiley. RPI 
places these funds in a special account. At present there is 
about Jl 3,000 in this account. By the termination of the 
project the sum may have increased to approximately ^25,000, and 
it will continue to increase as long as publications are sold. 
According to the grant from NSF, these funds "shall be used in 
ways approved or determined by the Director or Deputy Director 
o^ the Foundation." 

22 
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ik) Ecuiamgnt Supply 

In Sectfon C there Is i detailed discussion of the Import- 
ance of experiment in the PSNS course. A problem in the develop- 
ment and operation of the course is the development and supply of 
adequate but simple experimental materials. In the siawner session 
of 1965 and academic year 1965-66, this was indeed a major problem. 
Mr. Earl Carl yon and Dr. Wood took the lead in the attack on the 
problem. They located desirable equipment with various suppliers, 
arranged for purchase of quantities sufficient for the eight trial 
schools and for shipment to the trial teadters. The expenses for 
these operations were borne entirely by the project. This was a 
very unsatisfactory procedure. In January 1966 Dr. Wood and Mr. 
Carl yon arranged to meet with representatives of seven suppliers 
of educational scientific equipment at the American Institute of 
Physics meeting in New York. All suppliers were interested in 
supply, but only one, Damon Educational of Boston, Mass., showed 
an appreciation of 'and an interest in the design and construction 
of simple, inexpensive equipment for a course like PSNS. Messrs. 
Arthur M. Vash, Wesley G. Perry and Edward B. Lurier were parti- 
cularly helpful. They visited RPI repeatedly during the summer 
of 1966 and strove to construct, and to procure equipment and to 
supply the 23 trial teachers of the 1966-67 academic year. There 
were problems and delays, but, through their efforts and coopera- 
tion with Mr. Carl yon, the situation was considerably better than 
in the previous year. The expenses of these operations were borne 
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entirely by the project} teachers and stude^its were supplied equip- 
ment gratfs. The cost of these operations to the project totaled 
about ^5^,000. 

By the opening of academic year 1967-68, Damon was prepared 
to take over the whole equipment program, stltl with the cooperation 
and assistance of the PSNS liaison man, Mr. Carlyon. At this point 
PSNS stopped subsldizlngj teachers ordered their .supplies from 
Damon and their institutions paid the bills submitted by Damon. 

By the academic year 1968-69, there t^as a further change. 
One of the reasons for selecting Wiley as the PSHS publisher was 
their willingness to cooperate with an equipment house in making 
a joint arrangement for eqaipment supply, relieving PSNS of this 
burden. Again with the assistance of Hr. Carlyon, Damon and Wiley 
entered into contractual relations s<^ that teachers now ordered 
experimental supplies directly from Wiley. Wiley has published an 
attractive equipment catalogue which is part of their promotional 
material . 

One of the difficulties in promoting an experimental 
course in pliysical science is the cost of operating such a course. 
From a purely administrative point of view laboratories are a 
nuisance. They are expensivei they consume student and teacher 
time; they add to costs for equipment and for the provision of 
supervisory personnel. In spite of this situation, the Directors 
of PSNS believe th^f o course in science, especially at the be- 
ginning level, is not much of a course without student experimenta- 
tion. It is difficult to evaluate all laboratory costs, but 
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•qulpmtnt txptnst can bt •xpreiied on « coit, per itvdmt b«sU* 
There are « number of variables to be consfdereds class s{ze» 
number of classes *»^!ch can use the same equipment at different 
times, expendable equipment which Is used up by the Individual 
student and capital equipment which may be used by generations of 
students. From Its long experience i.. supplying equipment Damon 
has classified costs per student as follows. 

Assume a bare laboratory which will accoRfoodate at least 
thirty students, and which Is supplied with bare tables, running 
water and 120-volt electrical outlets. The cost of equipment,, 
both expendable and capital, would be, at catalogue prices, 

for one section of 30 $76.25 per student 

for two sections of 30 «« «« 

(meeting at different hours) 

for three sections of 30 35-75 '» " 
(meeting at different hours) 

Kiiiy institutions are able to supply some equipmsnt from 
their own stockrooms. Furthermore, the use of capital equipment 
over a number of years further reduces the average cost per student. 
A more realistic way of evaluating costs may be seen in consider- 
ing the academic year 1969-70. The course was offered to about 
13,000 students'' in about ISO schools many of whom were repeat- 
the course for the second or third time. The average cost, 
assuming that schools purchased supplies from Damon (generally 
true), was $11.2^ per student. 
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(5) £v« tuition 

In Section E thar« is • detailed discussion of our efforts 
to achieve an effective evaluation, program for PSHS* At this point . 
we will only give an estimate of the c»st of the program. 

The\cost to the project for the abortive effort to arrange 
an tivaluation program with Educational Testing Service was approx- 
imately J3|000. 

The cost of the program with Dr. Wayne Welch, v^ich will 
be completed in Dec^ber, is estimated to be about ^32,000, in- 
cluding the cost of widespread distribution of the report. Thus 
the total cost of formal evaluation is estimated to be about ^35,000. 
Adding 15% overhead we obtain about J40,000 or about 5.9% of the 
total funding for the project. 

2. The Role of Administration 

During the vHiole course of the project, a consciowis effort has 
been made to keep Administration from becoming the tail that wags the 
dog. An obvious method of measuring the importance of any operation 
is with dollars. It is difficult, however, to pinpoint administrative 
costs precisely. Let us consider the cost of maintaining the adminis- 
trative office of the project full time at RPI during the five years 
and nine months of the project. This office has been staffed by the 
Director and his secretary. It is true that the Director has performed 
duties other than administrative ones. On the other hand, the Chairman 
of the Advisory Board, who has been in charge of the substantive part 
of the project, has performted many administrative duties, it is also 
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true that the Director and his secretary are the only staff personnel 
who have regularly received salary during the whole life of the projects 
The Director halftime and the secretary fulltime. Therefore, again, let 
us consider that the expenses of the administrative office constitute 
the administrative expenses. These expenses for the fulltime of the 
project are estimated to be $87,000 for salaries and $15,000 for com- 
munication and supplies. This gives a total of $102,000. Adding 15% 
overhead we have $1 17,300 or 17.2% of the total funding of the project. 
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C. MATERIALS OEVaOPMEKT 

1« Staff 

The initial administrative staff in 1965 consisted of Professor 
Lewis G. Bassett of the Chemistry Department of RPI as director; Pro- 
fessor Robert L. Sells of the Physics Department of the State University 
of Hew York College at Geneseo as Associate Director,and Or. Elizabeth 
A. Wood of Bell Telephone Laboratories as Associate Director and Chair- 
man of the Advisory Board. The secretarial staff and graduate a5s3ist-_, 
anls were recruited by Professor Bassett and the materials-development 
staff was originally recruited by Dr. Wood. In the spring of 1967, 
Dr. Wood retired as Chairman of the Advisory Board. Her place was taken 
by Arnold A. Strassenburg , Professor at the State University of N«v 
York at Stony Brook and the Director of the Education and Manpower Div- 
ision of the American Institute of Physics. At the same time Dr. Strass- 
enburg became the third Associate Director and recruited the materials- 
development and editing staff for the remainder of the project. 

In May, 1968, Professor Walter E. Eppenstflin of the Physics De- 
partment at RPI became a codi rector of the Project. 

There follows a list of the PSNS Project staff with their dates 
of service and field of specialization. 

The PSNS Project Staff (See Fig. C-1) 

S. Aronson (physics) 1967-1968 

Nassau Community College, Garden City, N.Y. 

J.J. Banewicz {chemistry) 1965 

Southern Methodist University, Dallas, Texas 

L.G. Bassett (chemistry) Director, 1965-1971 
Rensselaer Polytechnic Institute, Troy, N.Y. 
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W.E. Cimpbett (chamfstry) 1965; 196? 

Renss«1«fir Polytechnic Institute, Troy, N.Y. 

E.L. Carlyon (physics) 1965-1968 

State University of New York College «t Geneseo, Geneseo,N.Y. 

M,T. Clark (chemistry) 1966 

Agnes Scott College, Decatur, Ceorgia 

T.H. Diehl (science education) 1965 
Miami University, Oxford, Ohio 

W.E. Eppenstein (physics) 1965| 1967-68 

Rensselaer Pol yterfmic instftute, Troy, N*Y. 

D-l^. Holcomb (physics) 1966 

Cornell University, Ithaca, N.Y. 

H.B. HolHnger (chemistry) 1967-1969 

Rensselaer Polytechnic Institute, Troy, N.Y. 

S.J. Inglis (physics) 1966-1969 

Chabot College, Hayward, California 

J.L. Katz (physics) 1965 

Rensselaer PolytechrJc Institute, Troy, N.Y. 

H.M. Landis (physics) I965-I969 
Wheaton College, Norton, Mass. 

S.H. Lee (chemist) I965 

Texas Technological University, Lubbock, Texas 

A. Leitner (physics) 1967 

Rensselaer Polytechnic Institute, Troy, N.Y. 

W.J. McConnell (physics) 1966 

Webster College, Webster Groves, Mo. 

H.F. Meiners (physics) 1965 

Rensselaer Polytechnic Institute, Troy, N.Y. 

E.J. Montague (science education) I965 
Ball State University, Wuncie, md. 

Sister Bernice Petronaiti s ,0. S.F. (chemistry) I966 
St. Benedict's High School, Chicago, 111. 

L.V. Racster (chemistry) 1966-1969 

Rensselaer Polytechnic Institute, Troy, N.Y. 
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A.J. Read (physics) 1965-1966 

State University of New York College at Oneonta, Oneonta, 

R. Resnick (physics) 1965-1969 
' Rensselaer Polytechnic Institute, Troy, N.Y. 

F.J. Reynolds (chemistry) 1965 

West Chester State College, West Chester, Pa. 

R.K. Rickert (chemistry) 1965-1967 

West Chester State College, West Chester, Pa. 

R.S. Sakurai (physics) 1965-1968 

Webster College, Webster Groves, Mo. 

J. Schneider (chemistry) 1966 

St. Francis College, Brooklyn, N.Y. 

R.L. Sells (physics) Associate Director 1965-196? 

State University of New York at Geneseo, Geneseo, N.Y. 

L. Smith (chemistry) 1965-1966; 1968 
Russell Sage College, Troy, N.Y. 

M.K. Snyder (chemistry) 1966 

The Colorado College, Colorado Springs, Colorado 

A.A. Strassenburg (physics) Associate Director 1966-1971 
State University of New York at Stony Brook, Stony Brook 
and American Institute of Physics, New York, N.Y. 

P. Westmeyer (chemistry) 1965-1967 

Florida State University, Tallahassee, Florida 

S. whitcomb (physics) 1967-1969 

Earlham College, Richmond, Indiana 

E. A. Wood (physics) 1965-1971 

Bell Telephone laboratories, Murray Hill, N.J. 

E. Wright (science education) 1965 

Montana State University, Bozeman, Montana 

; 



30 



J 



26 




Apr Apr Apr Apr Apr Apr Jan 



!965 1966 1967 1968 i969 1970 1970 

Figure C-1 Annual Numbers of Professional Staff 



Service Staff 



Ann Bazycki 
Carol A, Bassett 
Karen Carberry 
Margaret Curley 
Frances Connors 
Frances Feski 
Dolores Guerin 



Typist 
Typi st 
Typi st 
Secretary 
Typi st 
Secretary 
Typist 



Jun 1966 
Jun 1967 
Jun 1965 
Mar 1965 
Nov 1965- 
Feb 1967' 
Jun 1966- 



-Sep 1966 
-Aug 1967 
-Sep 1965 
-Jan 1967 
•May 1967 
•Jan 1971 
Sep 1966 
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L!nda Meier 


Typist 


Sep 1967-May T968 


Nancy Smith 


Typist 


Jun 1966-Sep 1968 


M. Bailey 


Draft sman 


Jun 1966-Sep 1966 


William Barber 


Student Assistant 


Jun 1968-Aug 1968 


Dennis Cole 


Draftsman 


Jun 1965 -Sep 1965 


Larry Oombrowski 


Student Assistant 


Jun 1965-Jun 1966 


Kathryn Egloff 


Student Assistant 


Oct 1966-May 1967 


G. lavis 


Shop Manager 


Jun 1965-Sep 1965 


Ronald A. Kent 


Graduate Assistant 


Feb 1967-Juf> ^967 


Edward C. Nathan 


III Lab Assistant 


Jul 1966-Aug 1966 


J.C. Waning"^-^ 


Lab Assistant 


Jun 1965-Sep 1965 


Howari? D. wy^^ 


Student Assistant 


Jun 1967-Sep 1967 


David Wos 


Lab Assistant 


Jun 1965-Sep, 1965 



2. Procedures 

This section is written with the hope that a description of pro- 
cedures that produced favorable results may be useful to those under- 
taking similar projects in the future. It is organized in chronological 
order. Because getting started is probably the most diff.cult procedure, 
special attention is given to the initial period. 

a. Prior to the Beginning of the Project, A pril, I965 

As soon as favorable action on the project proposal seemed 
probable, a meeting was held at the American Institute of Physics (on 
Feb 15 and 16, 1965) to which were invited all those who had agreed to 
work as members of the materials-development staff, as well as members 
of the Advisory Board and a few others who had indicated more than 
casual interest. 
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Th« purpose of this meeting was to focus the attention of all pre- 
sent on the task of the project with the hope that ideas concerning 
it would start sininering in February and come to a boil in June when 
actual materials development would begin. It was expressly stated 
that the purpose was to get a running start on the siiiwer's work. The 
costs of this meeting were defrayed fay the Commission on College Physic 

Some of the actions of this meeting were; 

(1) Choice of the name Physical Science for Nonscience 
Students (PSNS) Project 

(2) Agreement on E-A. Wood as Chairman of the Advisory 
Board and leader in developing the substantive part 
of the project 

(3) Consideration of the criticisms of reviewers of the 
proposal 

(k) Listing of equipment and resource needs for the summer 

(5) Agreement to distribute preliminary questionnaires 
to about 2000 students currently enrolled in college 
courses in physical science for nonscience students 
(See Appendix C-1 ) 

(6) Consideration of various modes of working during the 
summer 

(7) Consideration of working facilities and housing 
accommodations at Troy as described by Professors 
Eppenstein and Bassett, respectively 

(8) Consideration of a tentative list of subdivisions 
^Chapters?) of the "Main Stem" material with 
''First Hand Experience" associated with each. A 
list of possible "Packages" (subsequently called 
Supplementary Chapters) was also considerd. Parti- 
cipants were urged to think about the parts thev 
would like to work on, 7 

(9) Agreement to have a detailed planning meeting early 
in M3y 

Funding of the project began in April, I965, 
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b. Sjarinq. 196i 

A det*i1e<i planning meeting lasting two days was held at Rf>I 
in Troy before the 1965 summer writing session. Chapter titles were 
tentatively listed and staff members chose those they wished to work 
on. Two or three members were assigned to each of the eighteen chapters. 
In each case, one was assigned primary responsibility. The important 
function of this meeting was to clarify in each member's mind the nature 
of the work he would be doing during the svnttmer so that he would arrive 
ready to proceed. From the beginning of the project, it was understood 
that no author identification for portions of the text would be pub- 
lished and that the editorial board was free to revise text as exten- 
sively as it deemed necessary, without having to consult the original 
author or authors • 

c. Summer, 19^5 

Members of the project worked in small offices holding two to 
four people. Two large work rooms, with library and tables, were com- 
munally available, as was a chemical laboratory. 

The several hundred questionnaires (Appendix C-1) that had been 
fllUd out by nonscience students were available and members of the 
staff were urged to read them before starting to write, and at inter- 
vals throughout the sunner so as to keep clearly in mind the back- 
grounds and attitudes of the students for whom they were writing. 

Moat of the students had indicated that they expected to do poorly 
in the course and to dislike It, but that, since it was required, there 
must be some purpose to be served by taking it. Most were not familiar 
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with fractional and negative exponents. The equation 2x = 4 was cor- 
rectly solved fay nearly all students, but many were unable to solve the 
330 

. equation «~- = 11 even though some of these listed algebra as one of 
the mathematics courses they had taken. 

Most students identified horizontal as "east-west" or "left- 
right", but some identified "vertical" in this way. "Precipitate" 
meant "rain or snow" to most and at least three students defined 
"viscous" as "cross and angry like a viscous dog". 

Occasional perusal of the questionnaires kept the writing at a 
realistic level. 

Before the end of the first week it became clear that each author 
needed to have a fuller picture of all other authors for their re- 
spective chapters. This was discussed in a staff meeting, and it was 
agreed that each would spend a couple of days making a rather detailed 
plan of the contents of the chapter for which he had major respons- 
ibility. There followed a two-day staff meeting at which we "talked 
the course through" from beginning to end, with each person describing 
his plans. Overlaps and gaps became evident and problems were resolved. 

Although this procedure seemed to be time-consuming it was ex- 
tremely valuable. From this point on, the members proceeded with con- 
fidence to develop materials for the various chapters and knew whom 
to go to for discussion of possible overlaps or prerequisite coverage. 

First-draft material was typed, duplicated, and a copy given to 
every member of the staff. Members were urged to read this material 
quickly, making marginal comments, and return the copy to the author. 
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Mail boxes, frequently consulted, facilitated communication. Late in 
the suniner, as the volume of written and rewritten mated a! s increased 
and the fall deadline drew near, much of the material was not read by 
every member of the staff. However an editorial board consisting of 
the Director, the Associate Directors, Lois Smith and sometimes various 
other members of the staff, read all completed chapters. 

Conmercially available films, chosen for possible relevance to the 
PS^S materials, were shown on one afternoon a week- Blanks for written 
cottments were distributed to all manbers and filled out Immediately 
following the viewing of each film. These formed the basis of subse- 
quent recommendations of films for use with the PSNS materials. 

During the summer several consultants visited RPI , each for one 
or two days at a time. These were: H.R. Crane of the Physics Department 
of the University of Michigan, T.D. Goldfarb of the Chemistry Depart- 
ment of the State University of New York atstony Brook, J.R. Haynes 
of Bell Telephone Laboratories, D.F. Hoi comb of the Physics Department 
of Cornell University, N.J. Kutzman of Montana State College, Frank 
Sinden of the Mathematics Department of Bell Telephone Laboratories, 
A.A, Strassenburg of the Commission on College Physics, and J.H. Werntz, 
Director of the Minnemast Project, University of Minnesota. 

These visits were originally planned with the thought that they 
would provide a change of pace and needed stimulation for those pro- 
ducing PSNS materials. Further, It was thought that It would be help- 
ful to the monbers of the staff to have to describe to an outsider 
their plans for the materials for the course. It developed, however, 
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th*t those mambers of the staff who were most actively producing m«t- 
erfils needed no stimulation and felt that the visits r^sultef* in a 
loss of much needed time. Those members of the staff who were less 
productive were not made more so as a result of the visits by consult- 
ants. This is not to say that the consultants themselves were at fault. 
All of them were earnestly interested in the project and the discussions 
with them were interesting and enjoyable. In view of the desirability 
of maximum effective use of time and money, however, it was decided not 
to have consultant visitors during subsequent suranw-s. 

Some of the material was tried out on undergraduate students 
available during the summer at the State University of New York College 
atGeneseo. These students were paid to read portions of the text and 
perform some of the experiments and to give constructive criticism of 
these materials. The usefulness of this procedure was not such as to 
warrant its repetition another year, 

d. Winter, 1965-66 

Six of the sunwer staff members agreed to trial -teach the course 
during the following academic year and another teacher with whom we were 
in close communication was also accepted as trial teacher. Some of the 
chapters and materials for experiments were ready for use. However 
■ost needed rewriting, which was achieved by a small group, usually com- 
prising the Director, two Associate Directors and two or three other 
members of the staff {usually, S.C. Bunce, H.M. Landis, and L.V. Racstcr), 
meeting for a series of two-day sessions throughout the winter. This 
group worked through each chapter, sentence by sentence, then had it typed, 
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•nd printed by dupHcit^ng services at RPI. In this way the First Pra- 
Hminary Edition was printed in five paper-covered volumes. The pro- 
duction of these lagged behind the need for them. 

Most of the equifsment was assembled by E.L. Cart yon with the aid 
of his family and students and personally packed and mailed by him. 
Some of it was collected, packed and mailed by E.A. Wood, who also kept 
in touch with the trial teachers through personal letters of encourage- 
ment and advice concerning the revised versions of the chapters and the 
use of the equipment and supplies. 

Keeping the seven courageous teachers supplied in time for their 
classes was a hand-to-mouth operation, fraught with anxiety. However, 
this early trial gave us very valuable feedback that made the work 
session of 1966 much more effective than it could have been without 
the trial . 

Professor Stuart Whitcomb of Earl ham College, which is on the 
trimester system, asked permission to try the PSNS materials in the 
latter part of the academic year 1965-66. Although he had not been 
associated with the project ,he had seen the materials and was anxious 
to teach the course. This was subsequently arranged and Earl ham Col- 
lege became the eighth trial college in the year 1965-66. 

Feedback from the trial teachers came throughout the year in per- 
sonal letters, but a one-day meeting was held in January of 1966 for 
more direct reports while their experiences with the first semester 
of the course were still fresh in their minds. 
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Summer. 1966 

Some changes were made In the PSKS staff for the second sunnier ^ 
«s Indicated in the periods-of-service listing of the members of staff 
(see Section C-1 ) • 

The eight trial teachers spent the first week of the summer 
session with the members of the staff, going through the text, chapter 
by chapter, and describing the successes and difficulties they had 
experienced in using the materials. Revision of the materials during 
the sinmer of 1966 was based on this feedback. 

A looseleaf Teachers' Resource Sook was produced during the 
summer and fall of 1966. Each chapter author was asked to contribute 
notes concerning his chapter, but the production of the book was the 
responsibility if H.M. Landis. 

Although the production of Supplementary Chapters was part of the 
original plan for the course, no work was done on these during the 
first summer (19^) because production of the main stem material had 
higher priority. Work on the Supplementary Chapters began in the 
summer of 1966. Unlike the procedure for writing the main text mat- 
erial, the procedure for producing a supplementary chapter was to 
assign the writing of it exclusively to one author. However, as with 
the main text, the printed version of the Supplementary Chapters carries 
no indication of authorship. \ 

ACIDS AND BASES, written by Professor Lois Smith, appeared in 
paper-covered booklet form in the fall of 1966. A 1966-6? trial of 
it was considered desirable, but none of the trial teachers had time 
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*v«1 table for !t. Preliminary work on m supplementary chapter on 
MAGNETISM was undertaken by Professor Donald F. Hoi comb at Troy during 
the summer of 1966. 

During the last two weeks of August, 1966, a Briefing Session, 
under the direction cf A.A. Strassenburg, was 'held for 23 teachers 
planning to teach the course duHng the academic year 1966-6? (see 
Section E). 

f . Winter. 1966-6? 

During the winter of 1966-6?, the editorial board went over 
the text, chapter by chapter, editing the revisions that had been pro- 
duced during the 1966 summer session. The text was printed by Fort Orange 
Press of Albany in three volumes whose appearance again lagged behind the 
needs of the teachers. Although the first volume was available for 
the opening of classes in the fall, the third voli^ne did not appear 
until May, too late for use by most of the trial teachers. Earl Carlyon, 
working in close cooperation with Damon Educational Corporation, en- 
deavored to keep the teachers supplied with equipment ahead of their 
need for it. 

Feedback was collected from the 23 teachers by mail, telephone, 
and in two feedback meetings: one at Fairleigh Dickinson University 
on Fab 3 and k, 196? and one at RPI on Jun 11-16,196?. These were 
chaired by A.A. Strassenburg who had replaced E. A. Wood as Chairman 
of the Advisory Board and as the Associate Director having respons- 
ibiHty for the form and substance of the materials. Or. Wood con- 
tinued as an Associate Director, but resigned from the more demanding 
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posts in anticipatfon of a five-month absence from the country. 

During the winter and spring of 1966-67 John Wiley and Sons 
were selected as pufaHshers (see Section B) • 

S» Spring and Summer, 1967 

On the b«sis of feedback from the 23 trial colleges the third 
and last preliminary, paper-covered edition of the text was produced. 
It appeared in two volumes and was published by Wiley In the same 
format as that of the previous preliminary edition. Copy for the first 
volume prepared during the winter of 1966-67 by the editorial board, 
was supplied to Wiley in the spring. Copy for the second volume was 
prepared during the summer of 1967, with Stuart J. Inglis having primary 
responsibility for editing. This edition was used during the academic 
years I967-68 and I968-69. 

A staff of about I8 members worked at RPI during the strnmer 
of 1967. H.M. Landis had charge of editing a preliminary edition of 
the Teachers' Resource Book which was printed by Fort Orange Press. 

During this sumner the supplementary chapter on MAGNETISM was 

extensively revised by Professor Strassenburg and was printed in paper- 
covered booklet form. 

The supplementary chapters MATTER IN THE ASTRONOMICAL REALM, 
written by Professor Inglis, and MATTER IN THE EARTH, written by Dr. 
Wood, had gone through several preliminary drafts and were published 
in paper booklet form in the fall of I967. 

A Summer Institute for prospective teachers of the PSNS course 
was conducted at RPI in I967 under the direction of s.C. Bunce and 
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Strtssanburg (see Section E). 

h. Winter, 1967-68 

The course was used in approximately kO colleges durirrg 1967-68. 
For the first time, the equipment was not subsidized and the textbook 
was only partly subsidized. For this reason, the teachers were not 
required to provide feedback. The Teachers' Resource Book was furnished 
free of charge. 

During this period Stuart J. Inglis worked as a fulltime member 
of the staff, preparing a final revision of the text for hardback 
publ i cation by Wiley. This involved numerous meetings with Wiley con- 
cerning format, illustrations, etc. As galleys became available they 
were proofread by Bassett, Inglis, and Strassenburg. 

i , Summer, 1968 

The PSNS staff for the suniner of 1968 at RPI comprised about 
12 members. Proofreading of galleys for the final edition was completed 
A complete revision of the Teachers' Resource Book was produced and 
edited by a team headed by H.M. Landis. 

Dr. Susan V. Maschel , who had taught the PSNS course at the 
University of Chicago, critically read a1 1 of the written materials 
for accuracy and appropriateness of content, acting in a consultant 
capacity. Her comments were useful in the preparation of subsequent 
editions. 

A second Summer Institute for prospective teachers of the PSNS 
course was held at RPI (see Section £) . 



j. winter. 1968-69 

^ Page proofs of the final edition of the text and Teachers' 
Resource Book were read by Bassett and Strassenburg. The text, AN 
APPROACH TO PHYSICAL SCIENCE was published in hard covers ir\ January, 
1969, by John Wiley and Sons, and their publication of a revised edition 
of the paper-covered Teachers' Resource Book followed shortly there- 
after. 

A supplementary chapter on EQUILIBRIUM, which had been pro- 
duced in first draft by R.i^. Rickert and L.V. Racster during the earlier 
summer sessions, was extensively revised by H.B. Hoi linger during the 
academic year 1 968-69. 

The PSNS course was taught In about 50 colleges during the 
academic year 1968-69, the first year in which the materials were not 
subsidized in any way, 

k. Summer ,1969 

During the summer of 1969 five members of the PSNS staff worked 
on completing the Supplementary Chapters. These were published by 
Wiley in 1970, as was a final edition of the Teachers' Resource Book 
which included resource material for the supplementary chapters. 

A supplementary -hapter on GEOMETRICAL OPTICS which had been 
produced in first draft by H.M. Landl s was revised fay A.A. Strassenburg 
during the summer of I969. First drafts for three additional supple- 
mentary chapters had been produced during the course of the project. 
These chapters would have been entitled AVQGADRO'S NUMBER, BIOLOGICAL 
MOLECULES and THE NUCLEUS. All of these were critically read and con- 
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sfdered. It was decided that the material subsequently added to the 
main text on Avogadro's nifinber and biological molecules treated these 
subjects as deeply as was desirable for the PSNS students. After con- 
siderable discussion of the available published material on the nucleus, 
the desirability of producing a special essay on it for PfMS was ques- 
tioned. It was decided to provide in the Teachers' Resource Book an 
outline of a unit on the nucleus and references to available published 
materials. As a result, the supplementary chapter on THE NUCLEUS was 
not published. 

3. Content 

a. Guidelines that Influence the Choice of Content 

4 

(1) Attitude Goals f 

(a) To change the attitude of the students toward science 
from one of confusion, anxiety and dislike to one of confidence and 
interest; hopefully, to convince the students that science is fun, 

(b) To convince the students that science is observation 
and wondering} asking questions about the world around us and design- 
ing ways of discovering answers to them, not just memorizing facts. 
They should feel confident of their own ability to successfully seek • 
answers to questions about the natural world. This is especially 
important for the large numbers of students who will become element- 
ary-school teachers. They must feel confident that they are doing a 
good job when they encourage the natural curiosity of the children, 
rather than feeling a sense of panic lest the children ask some 
question whose answer they have not memorized- 
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{c) To convince tha students of the self consfstency of 
science, the fact that it all fits together to make sense; that the 
Universe is not a capricious Universe in which the Earth ma/ suddenly 
stop rotating or gravitational forces cease to act, 

(d) To have the students experience experimental (laboratory) 
investigations and gain confidence in their own observations and their 
ability to analyze them. They should get a sense of how we know what 
we know. Science is not based on authority but on repeatable experi- "| 
ments. 

(2) Substantive Goals 

(a) To encourage, the observation of natural phenomena among 
college students who are nonscience majors. 

(b) To teach nonscience students how to formulate questions 
about physical situations. 

(c) To teach nonscience students how to propose models and 
hypotheses consistent with their observations, 

(d) To teach nonscience students how to design simple, con- 
trolled experiments to test their hypotheses. 

(e) To teach nonscience students how to analyze experi- 
mental results. 

(f) To provide for nonscience students a basis for recogniz- 
ing the limitations of science. 

(3) Subject-matter Guidelines 

(a) In order to give time for the achievement of the import- 
ant goals listed above, much of the subject matter that is commonly 
packed into the science course for nonscience students must be omitted. 
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The goal is not to teach the students as many facts as jsossible. A choice 
of subject matter must be made which best serves the goals listed above. 

(b) In keeping with the title of Physical Science, the 
subject matter chosen should lie mostly in the overlap area shared by 
physics and chemistry and should, insofar as possible, be unidentifiable 

as belonging to either field. 

(c) For logical coherence a major focus of study should 
be chosen, to which all subject matter of the course contributes in a 

demon strabl e way. 

(d) The focus of study should be one rich in opportunities 
for first-hand experiences (laboratory) with familiar materials where 
possible and with simple equipment. 

Although these goals and guidelines were not explicitly stated 
when the course was originally outlined, they formed in fact the basis 
for its conception. The original concept of the content of the PSNS 
course is given in Appendix A-3 which is taken from the report of the 
1964 Conference at Boulder, Colorado. 

In meetings just prior to the writing of the proposal for funds, 
this outline was drastically modified by a number of college teachers 
of physics and chemistry, who added to it and rearranged it until it 
resembled the more familiar survey course. Subsequently, a small 
group pointed out that the innovative character of the original con- 
tent plan had been lost and recommended returning essentially to the 
original plan. As a result, the content plan appearing in the proposal 
for funds was essentially that proposed at the Boulder Conference. 
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The chosan focus of the Course was the study of solid matter, hoy 
U gets the way It is, how it behaves when you do things to it, and 
how we find out about it. This is a vertical approach, beginning with 
tangible investigation of familiar substances in simple ways and grad- 
ually increasing in sophistication through the course as students hope- 
fully gain confidence. This is not the horizontal approach of the 
fact -skimming survey course. 

The focus is not so sharp as to exclude subject matter that is 
useful to us in learning about solids. What heat does to solids leads 
to the study of liquids. The easiest way to learn something about 
thermal motion in solids is through studying the behavior of gases. In 
order to think clearly about the forces that hold, solids together, some 
elementary mechanics and some experiments in electricity (electro-".'* 
statics, circuits, and electrolysis) are needed. The course culminates 
in a study of the relation between the structure of a substance (the 
arrangement of its consituent atoms) and its properties. 

Although we believed that the study of solids is a particularly 
favorable approach to physical science for the reasons just mentioned, " 
we called the attention of the students to the fact that other approaches 
might also he fruitful, and emphasized the significance of the title 
of the text, which is not The Approach to Physical Science, but AN 
APPROACH TO PHYSICAL SCIENCE. 

Certain ''threads" which run through all of science were con- • 
sciously identified by the PSNS staff with the aim of calling the at- 
tention of the student to them whenever the opportunity to do so could 
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be found. 

These were: 

The beauty of the orderliness and self consistency of 
the Universe. 

Symmetry, its beauty and its power as a tool. 

The Conservation Laws, 

The uses of mathematical expression. 

The power of the technique of making models, both 
physical and mental. 

To motivate the nonsci/nce student to want to proceed with the 
study of science is difficult. In the initial conception of the course, 
the question of the boredom of the nonscience student in a science 
class was considered. Real scientific investigation has aU the fun 
of a treasure hunt or a mystery story. The investigator follows up 
clues with enthusiasm because he needs to know what they can tell him. 
An early decision was made that the need to know should be a guiding 
restraint on the choice of content of the course and on its arrange- 
ment in the text. 

In real scientific investigation the answers do not usually come 
quickly. In many cases even the means for seeking them cannot be 
devised and the problem is put on the shelf for a while. To have a 
question in the backof one's mind, gently nagging for an answer, 
is an experience familiar to any research scientist. It places him 
in a state of readiness for seizing upon a clue to the answer when 
it comes to light in some unexpected form. Students are seldom allowed 
to experience this important process. Conwonly, in school and college 
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courses, questions are not raised and left unanswered, in the PSNS 
Project an early decision was made that, from time to time, a question 
should be placed. on the shelf to be reconsidered later when further 
experiences had better prepared the minds of the students to deal with 
it. 

A third pedagogical technique of the PSNS course grew out of the 
recognition that most of us learn helically. We may gain only super- 
ficial understanding of a process or concept on first acquaintance with 
it. When we next encounter it, there is the pleasure of familiarity 
to enhance our interest. Here it is again . Our understanding of it 
deepens. The repeated consideration of a concept or process, the 
here it is again technique, was consciously employed by the PSNS staff 
in writing the text. 

b. Resulting Materials . 

Three kinds of printed materials were produced by the Project: 
the Text, AN APPROACH TO PHYSICAL SCIENCE, of which the experiments form 
an integral part; the SUPPLEMENTARY CHAPTERS, provided for those teach- 
ers who have the..time and interest to teach some material related peritrfi- 
erally to the focus of the course, but not Included in the mainstem 
text; and the TEACHERS' RESOURCE BOOK, including useful background 
material, suggestions for laboratory procedure, homework questions, etc., 
for the teacher, both for the material of the main text and for that 
of supplementary chapters. The sequences of the development of the 
various printed materials for the course have been described In Section 
C-2 and are shown diagrammatical ly fn Figure C-2. The Tables of Contents 

of all editions of the text and of the Supplementary Chapters constitute 
Appendix C-2. 
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c. Illuttritio ns of the Ways In Which the M«terUI$ Were Moulded 
oy the Goals, the GuttieHnes and the Feedback " 

Comparison of the Tables of Contents (Appendix C-2) gives some 
suggestion of the evolution of the final form of the materials. How- 
ever, text changes do not always resulf in changes of the Table of 
Contents, and changing the title of a section does not necessarily re- 
sult from a change of text. A few examples will serve to show the re- 
sponsiveness of the PSNS staff to the guidelines and to the feedback. 

Chapter 1 was considered especially important as a means of 
(1) convincing the student that t his science course was not going to 
be impossibly difficult for him, and (2) sharing with him very sin- 
cerely our goals and guidelines. 

Feedback from the first edition indicated that some of the 
students found the tone of voice of the first chapter condescending. 
The offending passages were modified for the second edition. Feedback 
concerning the second edition came from a larger number of colleges. 
Little complaint remained concerning the tone of voice of the chapter. 
The students found it interesting, but were concerned about "what 
they were supposed to have learned" from it. They thought they under- 
stood it, but wondered how they could be examined on it. In response 
to this concern a "Summary" section was added in the third prelim- 
inary edition -which listed six ideas developed in Chapter 1 "that will 
be useful as you continue the course". More problems were added, to 
give them a sense of concrete achievement. 

Chapter k on interference of light was another chapter re- 
quiring special attention. This is the first chapter in which more 
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sophisticated ideas and quantitative consideration are introduced. In 
the first edition it was very long, including some peripheral illus- 
trative material, intended to be helpful, which confused the students. 
Algebraic and trigonometric expressions added to its formidable appear- 
ance and the students were turned off by it. 

As a result of feedback this chapter was completely rewritten. 
Teachers using the second edition reported that students found this 
chapter difficult, but nearly all of them were able to work through 
it successful 1 y, and they experienced a sense of achievement as a result. 
Up to that point some students had worried because they thought a course 
that was really science should be almost impossibly difficult, and 
this one was not. Chapter k reassured them. 

In the course of preparation of the Third Prejiminary Edition 
the staff asked why "multiple-object interference" occurred in Chapter 
k when the need to know about it did not come until the story of the 
discovery of x-ray diffraction in Chapter 6. So the last two sections 
from Chapter k in the Second Preliminary Edition were removed to the 
place in Chapter 6 where the story of the von Laue experiments gets 
to the point where the reader needs to know about the experimental 
observations of interference of light scattered from regular arrays 
of slits and regular arrays of objects. 

In the first edition MATTER IN MOTION (mechanics, forces and 
energy) appeared as Chapter 7, providing the tools for handling MOLE- 
CULES IN MOTION (Chapter 8) where solids, liquids and gases were dis- 
cussed in terms of a particle model. This prepared the way for SOLID 
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MATTERj A CLOSER lOOK AT DIFFERENCES. {Ch«pter 9) which discussed pro- 

perties of substances, especially with regard to their behavior when 
heated and their electrical conductivity. During the preparation of 
the Second Preliminary Edition, the staff looked critically at this 
sequence and decid<Ki that it was not in accord with taking up subjects 
when the student had a need to know about them. i*\ihy not take the 
object in hand and discover its properties first?«» They asked. This 
leads to trying to make a model consistent with experimental observa- 
tions. In considering a particle model one finds he needs a way of 
considering forces between particles, and only then is the MATTER IN 
MOTION Chapter needed. 

As a result, in the Second Preliminary Edition, MATTER: A CLOSER 
LOOK AT DIFFERENCES appears as Chapter 7. It is no longer restricted 
to solid natter, since heating solids leads us without a logical break 
into considering liquids and gases. MATTER IN MOTION becomes Chapter 
8 and the last paragraph of Chapter 7 points the way: "We began study- 
ing gases to learn more about their behavior. We hoped that this would 
eventually give us a better understanding of the structure of matter, 
particularly solid matter, and the -relationship of structure to pro- 
perties. Now we need to find out exactly what we mean by force and 
pressure in order to pursue our study of gases. We will do this in 
the next chapter." After a few words about atoms the student reads 
that "Since atoms are so small that they are invisible, we will first 
consider the motion of and forces on ordinary-sized things." Now the 
student finds himself pushing and pulling carts, nearly halfway 
through the course when he has a need to know about forces, not at the 
beginning of the course when he does not. 
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The ami^asis on the need to know principle fn the above examples 
reflects Us importance as a gufdfng principle throughout the PSMS pro- 
ject. Some examples of the Influence of other guidelines follow. 

A good example of the on the shelf technique is found in the 
chapter on interference of light. Each student observed the interfer- 
ence fringes when he held the double slit between his eye and an in- 
candescent filament, both with and without color filters. The text 
proceeds as follows: "Question ^-1: What type of pattern would you 
expect to see if .the light were considered to be a targe number of 
small particles coming through two slits? Does this agree with your 
observations? 

••Young considered both the particle and the wave theories and 
decided that only the wave model of light was consistent with the in- 
terference pattern observed. To see what led to this conclusion we 
must take a closer look at the nature of waves.'' 

This, then, leads into a discussion of superposition of waves 
and only after this subject has been explored do we return to inter- 
ference, in the section Interference Revisited" in which we" con- 
sider a water**BVe experiment that is analogous to Young's double-slit 
experiment." During all of this, the observations made by the student 
in the double-slit experiment are on the shelf of his mind, gently 
nagging for an explanation. 

In the Teachers' Resource Book (TRB) , whose contents will be 
discussed later, encouragement is given to the teacher to raise ques- 
tions which will have to be put on the shelf to await fuller experience. 
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For example, fn connecti-on wjth the initial chair-arm experiment in 
which the students grow salol crystals from the melt on a glass slide, 
the TRB suggests, "Some questions to direct student attention along 
lines we will investigate during the course are: 'How does it happen 
that they all have the same shape?'; jwhy do they grow with large, 
flat faces ithat reflect the light?' it is quite remarkable that out 
of each formless puddle of liquid salol the same shiny-faced solid 
is built up each and every time the crystals form." 

Scientific explanation is the process of constructing a mental 
model consistent with one's observation. The attention of the student 
is constantly called to this use of models. We can take an example 
from the chapter ELECTRIC CliARGES IN MOTION. ^ 

"Although our discussions of electric current may seem to have 
no relation to the structure of solids, we are now able to describe 
the energy losses as a charge flows through a solid conductor. But 
what kind of charge - - positive, negative, or both? Without some kinci 
of model for^the means by which charge is transferred through solids, 
we cannot an^we> this question. In fact, this model is an important 
part of an understanding of the structure of solidb." 

An example of the here it is again experience relates to the 
shapes of crystals. In Chapter 1 crystal -growing experiments are 
performed by the student. The teacher calls his attention to the 
shapes:of the salol crystals as he grows them in a chair-arm experi- 
ment, and the characteristic shapes of several other kinds of crystals 
are expldred in Chapter 5, CRYSTALS IN AND OUT OF THE LABORATORY. At 



55 



this stage, the relation of shape to some sort of regularity (as yet 
unidentified in detail) within the crystal is developed. In Chapter 
15 with a background which now includes experience with x-ray diffract- 
ion and bonding forces, the student again grows crystals, observing 
them as they grow. At this point, "Having recognized that crystals 
of different materials have different shapes, we want to relate these 
shapes to the arrangement of ions within the crystal. Before we can 
determine a detailed arrangement of ions, however, we must identify 
the ions in the crystal and then establish their relative ntanbers." 
Here again the need to know leads us into an example of qualitative 
and quantitative chemical analysis. 

An example of one way in which the attention of the student is 
called to the threads which run through all of science is found in a 
footnote to the instructions for the Young's double-slit experiment. 
The instructions read, in part: "The simplest way to make these two 
slits is to hold two razor blades tightly together and (using a second 
microscope slide as a guide) draw the razor blades lightly across the 
graphite-coated surface so that the slits are parallel to the short 
edge of the slide. Scratch several of these sl'its to make sure you 
get one good psir. Use your magnifier to look at the slits and estimate 
the ratio d/w of the distance d between centers of the slits to the 
width w of each slit opening." 

The footnote reads: "Note how the expression d/w helps to 
clarify the meaning of this sentence. This is an example of the use- 
fulness of mathematical notation.'' A science student gradually 
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deepens his appreciation of the usefulness of mathematical notation 
throughout his educational experience. For these nonscience students 
who come to us with an aversion to mathematics its usefulness must be 
explicitly pointed out. 

Certain other characteristics of the text should be mentioned, 
since they resulted primari 1 y "fro«Ti feedbac^k from the early teachers of 
the course. 

(1) Appendices to the text 

There are three appendices to the text. Two are tutorial 
to strengthen the background of the students vMere it has been found 
to be especially weak. These are Appendix A, Review of Powers of Ten, 
and Appendix B, Graphs. An appendix reviewing elementary algebra might 
have been useful. The Periodic Table constitutes Appendix C. Some 
members of the staff felt that the inclusion of this table was con- 
trary to the philosophy of the course, but others felt that it wa^ 
needed. 

(2) Q.uestions 

(Questions appear throughout the text and also at the end 
of each experiment and the end of each chapter. In addition,- further 
questions are suggested in the Teachers' Resource Book, for homework 
and examinations. Originally, the questions in the body of the text 
were not numbered, but some of these were rhetorical, to be answered 
in the text that followed, and some were intended to provoke S'jrious 
thought on the part of the students. From feedback we learned that 
neither the students nor the teacher considered it necessary to answer 
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this second t>pe. In later editions, therefore, we nunbered them, 
with the hope that teachers would assign them for homework. Since we 
do not have feedback concerning the latter editions of the text, we 
do not know whether we achieved our objective. 

Types of questions vary widely: In Chapter 1 is a ques- 
tion which requests dictionary definitions of some words we plan to 
use and which we have reason to believe might be misunderstood. In 
the same chapter "Devise a means of classifying buildings" i s an , 
example of an open-ended question. Some questions help the students 
become aware of the the structure of the course and of their own de- 
velopment. For example, "4-26. What concepts from Chapter 3 were 
necessary to understanding of Chapter 4?" 

Quantitative problOTs are not avoided where they can 
contribute to understanding. These vary in difficulty. Two of the 
simpler questions are: "8-4. Calculate how far the puck traveled 
during the first 2 seconds of tpvel," and "l4-4. Write an equa- 
tlon which describes the change of an aluminum atom to an Al ^ ion." 
Two of the more difficult questions are: "11-25. If you hold a plastic 
rod with a negative charge of 1 .0 x lo'^ coulomb (one microcoulomb) 
In one hand, and In the other hand you hold a glass rod with a positive 
charge of 1 .0 x lO"^ coulomb, with what force will they attract each 
other? The distance between the charges Is 2.0 meter," and "15-24. 
Potassium bromide has a cubic structure like that of sodium chloride. 
The density Is 2.8 g/cm^ and the unit cell Is 6.6 A (6.6 x lO'^ cm) 
on each side. Find the masses of the potassium and bromine Ions." 
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(3) References 

No references to further reading were included in the 
First Preliminary Edition of the text. The choice of references was 
given careful attention during the second writing session, and all 
subsequent editions carry references at the end of each chapter. In 
each case, the particular pages that are relevant to the preceding 
chapter and at an appropriate level for PSNS students are cited. The 
references are always annotated in the Teachers' Resource Book and 
sometimas are in the students' text. 

^' The Teachers' Resource Book (TRB ) 

The content of the Teachers' Resource Book has not yet been 

discussed. Its table of contents is identical with that of the main 

text, Svlnce the TRB is meant to be used in parallel with the text. 

A competent experienced teacher, thoroughly familiar with 
the PSNS materials asserts that he found the material in the TRB 
essential to the successful teaching of the course. 

Experiments are described in enough detail so that a grad- 
uate student can set up the necessary equipment. A list of equip- 
ment is given, and in some cases, the time required for the experi- 
\^ment. Notes based on feedback from the trial teachers are included. 
"V^r example: 

\ ''The experience of previous teachers indicates that it is 

best td^have the students determine d, the distance between the slits, 
as a class project. Place 20 razor blades and a ruler or meter stick 
at some central spot in the room. Then during the lab period, have 
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students go there one at a time and measure the thickness of the pile 
of blades. After they all have had an opportunity to measure, they 
should record this information and determine the average value of the 
blade thickness d. This value should then be used by all students.^* 

Warning is given concerning any hazards to health or 
equipment. For example: In the experiment on heating of wood splints, 
^^The gas produced is somewhat noxious and should be prevented from 
escaping into the room by burning or collecting it.«* Also, ^'Be 
sure to remove the stopper and glass tubes from the cond^sing tube 
before the heating of the splints is stopped* This will prevent the 
cold liquid from being pushed up into the hot test tube. Safety 
glasses should be worn during this experiment s ^ ' 

The questions appearing in the text are repeated in the 
TRB. Anf.wers to questions are given in the TRB and those who wrote 
the answers, kept in mind the wide range in background we had found 
among those teaching the course. For example: 

7-1 9» Why were you advised to wait 10 to 
15 seconds after you stopped heating be- 
fore taking the temperature reading? 
Answer. The instructions suggest that 
heating be stopped 10 to 15 seconds before 
determining the temperature and vol* 
ume in order to allow the system to come 
to thermal equilibrium. 
The reason for stopping is not given in the instructions. Keeping 
in mind the teacher with weak background, the TRB continues: 
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The transfer of heat through the glass Is 
relatively s!ow^ and time must be allowed 
for all parts of the apparatus to come 
to the same temperature. 

The more sophisticated teacher is repeatedly raninded in 
the TRB to tailor his expectations of answers to the students' level 
of developments For example, with respect to classificiation on the 
basis of solubility in Chapter 1, the TRB warns, **There is not much 
to be done at this stage to aid the student in extending his ability 
to determine solubility more accurately than simply Wery soluble' 
and 'apparently insoluble', and he should be made aware that such a 
classification is very '^ross." 

Most teachers of science for nonscience students cannot 
really believe the severity of the difficulties their students have 
with mathematics. Many of the students react with a mental block to 
anything that resembles a mathematical equation. When equations are 
encountered in the text, the TRB gives, in detail, the step-by-step 
procedure advised in their discussion. 

An example is found in the answer to Question 2-3: ^ ^The 
density of dry air at normal atmospheric pressure and at 20®C is 
given as 1 ,20 x 10^^ g/cm^* What is the mass of air in one cubic 
meter? ^ ' (a nice question because of the astonishing answer, 1.20 kg) 
The TRB states: ''Because this is one of the first problems involving 
conversion of units and the use of exponential notation, it is 
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advisable to take class time to work out the algebra, the conversion 
of units, and the use of powers of ten. It also emphasizes the use 
of units to check on the dimensions carried along. It would probably 
be well to call the students' attention to Appendix A In the text." 
(Appendix A is a Review of Powers of Ten.) The steps we believe to 
be needed by the students are given. For example, in converting from 
cubic meters to cubic centimeters, the TRB provides the following 
detail: 1 meter^ = (100 cm)^ = 102(cm)3 = 10= x 10^ x 10^ on^ = 10* cm^ 

Examples have been given of the way in which the text 
points out to the student the reason for taking up a particular topic. 
The teacher, accustomed to a sequence of topics In which preparation 
is given far in advance of the need, requires reassurance periodically 
concerning the PSNS philosophy and its effect on the content sequence. 
For example, in the TRB notes on Chapter 6 (WHAT HAPPENED IN 1912), 
we read: ''In keeping with the philosophy of the course, the subject 
of multiple-slit Interference was not treated In Chapter k, where it 
would seem logically to fit, but Is presented only at the moment that 
the student needs to know about It. It may seem that It would have 
been easier or better to lay the groundwork before starting the story, 
but laying groundwork for something before there is any apparent need 
for it often makes a course dull and meaningless for the student.'' 

Background enrichment beyond the Immediate needs for 
class instruction is given in some places In the TRB. An example 
occurs In Chapter 16, where the contribution of wave mechanics to 
our model of the atom is discussed ''although It would be undesirable 
to take it up in class. ' ' 
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All of the references appearing at the ends of chapter 
In the text are repeated in the TRB (labelled T, for text) and addi- 
tional references are given for background enrichment for the teachers. 
Suggestuns are made for making effective use of the references. For 
example: "The students may find it interesting to try to verify the 
entries in the table," and "The textbook questions may help to 
lead the students along." 

The TRB includes three appendices. Appendix I deals with 
tha Course Plan and comprises general advice, based on feedback, and 
a table of experiments indicating preferred methods for their admin- 
istration and the time required for each. 

Appendix II gives Additional Questions and Problens 
which may be used for homework or for examinations, with comments 
concerning their use. These are of four types: (1) essay questions;^ 
(2) double mul ti pie-choice questions; (3) simple (single) multiple- 
choice questions; and (k) multiple-answer multiple-choice questions. 
Type 2 is a type, originated by a member of the staff (and we have 
Since learned of independent origination elsewhere), in which each 
question has two multiple-choice parts: one in which the student 
chooses an answer to a question and the other in which he must choose 
the correct reason for having chosen that answer. Both parts must 
be correct. These are difficult to design. The TRB gives 39 of 
them. In Type ^, the multiple-answer multiple-choice question, the 
student chooses as many answers as he thinks correct (several answers 
are correct) and is penalized for wrong answers. 
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Appendix III deals with Film Evaluation. It lists Bk 
t6-nw films and 6k B-tm film loops with full specifications, very 
brief content description, and evaluation with respect to appropriate 
ness for PSNS, as well as information for obtainirn them. This list 
is the result of a great many man-hours of effort. In addition to 
the reviewing of possibly useful films that was done by the whole 
staff on occasional afternoons during the summers of 1965-67, one of 
the staff members (S. Aronson) spent full time during the summer of 
1968 viewing and evaluating films for use with the PSNS course and 
assembling the information presented in Appendix III. 

Appendix IV is a Reference List, giving author, title, 
publisher and date of publication of all books referred to in the 
text and TRB. 
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D. THE^ROLE PF THE ADVISORY BOARD 
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1 . Personnel 

The Advisory Board was established even before the project was 
funded. At the Latham meeting in September, 196^*, the composition of 
the Board was determined. It was decided that the following groups 
should be represented on the board: 

(1) "me Advisory Council on College Chemistry 

(2) The Commission on College Physics 

(3) The New York State Department of Education 

ik) A typical elementary school science curriculum 
developmnet project 

(5) An industrial research laboratory dedicated to 
the science education of the public 

(6) The PSNS staff (in the form of the Director and 
Associate Directors) 

Appropriate individuals to fill these positions were identified 
and contacted by PSNS directors and CCP staff members. The first 
meeting occurred at the American Institute of Physics in New York in 
February, 1965, as part of a session where summer and other future 
activities were planned. 

The original Advisory Board comprised the following individuals: 

(1) Charles C. Pnce, Advisory Council on College Chemistry, and 
Department of Chemistry, University of Pennsylvania 

(2) Robert Resnick, Convnission on College Physics and 
Department of Physics, Rensselaer Polytechnic Institute 

(3) Frank R. Kille, New York State Department of Education 

ik) Arthur H. Livermore, American Association for the 

Advancement of Science (developers of Science, A Process 
Approach) 
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(5) Alan N. Hotden, Bell Telephone Laboratories 

(6) Lewis G. Bassett, PSNS Project Of rector and Department 
of Chemistry, Rensselaer Polytechnic Institute 

(7) Robert L. Sells, PSNS Project Associate Director and 
Department of Physics, State University of New York 
Col 1 ege at Geneseo 

(8) Elizabeth A. Wood, Chairman of the Advisory Board, PSNS 
Project Associate Director and Bell Telephone Laboratories 

In the fall of 1966, Elizabeth Wood retired from Bell Telephone 
Laboratories and began preparations for an extended absence fran the 
country. She therefore resigned as Chairman of the Advisory Board 
though she retained a seat on the Board and her role as Associate 
Project Director. Her position as Chainnan of the Board was filled 
by A.A. Strassenburg, who had previously been associated with the 
project as a CCP staff member and who had moved to New York the pre- 
vious summer. At the same time two other additions to the Board were 
made. Both of these individuals had shown great interest in the pro- 
ject and were effectively already serving in an advisory capacity. 
The three additions were as follows: 

(9) A.A. Strassenburg, Chairman of the Advisory Board 

PSNS Project Associate Director, Department of Physics, 
State University of New York at Stony Brook, and 
American Institute of Physics 

(10) Donald F. Holcomb, Department of Physics, Cornel! University 

(11) James H. Werntz, Department of Physics, University 
of Minnesota and Minnemast Curriculum Project 

One more member was added to the Board in I967, Professor 
Walter Eppenstein of the Physics Department at RPI had played a vital 
role during the summer of 1965 by arranging for working space for 
project staff members in the Science Center at RPI and by acting as 
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Hafsen between project personnel and campus employees responsible for 
needed services. He also had acquired valuable experience In the pro- 
duction of films and other visual aids during a year on the staff of 
Harvard Project Physics, It was therefore decided that our adminis- 
trative and productive capacity would be strengthened by formaH2ing 
his relationship to the project and naming him Codi rector. Thus the 
twelfth and final Board member appointed wa.^: 

(12) Walter E. Eppenstein, PSNS Project Codirector and 

Department of . Physics, Rensselaer Polytechnic Institute 

2. Meetings ' 

The Advisory Board was first assembled on Feb 15 and 16, 1965 
as part of a larger meeting involving the staff members already com- 
mitted at that time. Since the project had not yet been funded, the 
Tonroissfon on College Physics sponsored this meefing. The primary 
concern was to identify talented staff members and to plan operational 
procedures for the summer working session. A report of this meeting 
exists, but because it is lengthy and t ecords no crucial decisions, 
it is not included here. 

After the grant was made, Board meetings were held at project 
expense once each summer at RPI and at least once each winter, usually 
at AIP headquarters in New York until April of 1969. So few decisions 
remained to be made after that time that no further meetings were 
held. There follows a list indicating the date and location of all 
PSNS Advisory Board Meetings. 

(1) Feb 16, 1965; AIP and the BiUmore, New York 

(2) Aug 2, 1965: RPI , Troy 
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(3) Nqv 2^-27, 1965s A|P, New York 
{k) Mar \\'\2, 1966s Ai>, Jiew York 

(5) Aug 8 and 9, 1966: RPI, Troy 

(6) Feb 20-2t, 196?: AlP, Y^rk 

(7) Aug 1, 1967: RPI , Troy 

(8) Mar 8, I968: The Biltmore, York 

(9) Jul 31 -Aug 1, 1968: RPI, Troy 

(10) Apr II, 1969: The Holiday Inn, Troy 

Reports of the winter meetings exfsti copies of the reports for 
meetings (3), (^}, (6), and (10) are included as Appendix D-I . Since 
project directors, including the Advisory Board Chairman, were con- 
pletely immersed in materials production during simmers, no reports 
of any of the suniner meetings were prepared* 

3. Advisory Board Advice 

^ The PSNS directors believe that the Advisory Board was excep- 
tionally valuable to them. Members were selected because of their 
, special interests and experiences relevant to the project. As a re- 
sult, attendance at meetings was high (seldc^ more than one or two 
members missing). The Board kept well informed on progress in mat- . 
erials development and participated vigorously in policy decisions. 
The directors sought advice of individual Board members often in 
between me^^tings and frequently put important matters to a vote at 
meetings^ The ways in which the Board advised us on various issues 
are enumerated below: 

(1) The Board criticized the choice and treatment of topics 
included in the course materials. 
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(2) They recommended that we not undertake the production 

of films, and we did not. ^ -v^ 

(3) They suggested that we view existing films and advise 
teachers on which are most suitable for use with PSNS; this stimulated^ 
an extensive film review effort which resulted in the film evaluations 
contained in Appendix III to the Teachers* Resource Book. 

{k) Discussion on supplementary chapters was frequent and 
heated. Some 'Board member^ f^?t we should produce many supplementary 
chapters to, add flexibility to the course; a majority felt we should 
produce few so as not to encourage an emphasis on wide coverage. We 
ultimately limited production to five. The Board decided on which of 
many proposed titles should be developed and completed. 

(5) The Boa^d guided us in designing the collection and use 
of feedback. 

(6) They urged us to limit sharply the number of trial 
schools during the first two years so that we could maintain dose 
contact with each trial teacher and prq^vide materials free of charge. 

(7) They made the final selection of trial schools for 
1966-67 from among those that applied. 

.3) They supported our inclination to put our efforts into 
materials development at the expense of public relations, but did 
advise the publication of annual newsletters. 

(9) They were consulted whenever new staff was sought. 
(10) They recommended at an early meeting that we locate 
promptly a commercial -apparatus supplier to help develop, stock, and 
ship apparatus^ Damon was asked to assume these responsibilities during 
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the second year of the project. 

(11) They advfsed that the involvement of a commercial pub- 
lisher be delayed until after two preliminary editions had received 
adequate trial j this advice was followed exactly. 

(12) When bids from publishers were invited, several Board 
members helped evaluate proposals and by vote narrowed the field of 
candidates from eight to four. Five Board members interviewed re- 
presentatives from four finalists and by vote decided to negotiate 
with Wi ley. 

(13) The Board frequently discussed the training of pro- 
spective PSNS teachers and urged us to arrange for PSNS susmer in- 
stitutes; two Summer Institutes were held at RPI (see Section E-lb). 

ilk) Whan contact with institute participants revealed that 
knowledge of PSNS was not widespread, the Board advised us to distri- 
bute widely a special communication announcing the availability of 
PSNS materials in third preliminary edition; this was done. 

(15) During the last two years of the project, the Board 
encouraged us to invest time and money in short workshops for pro- 
spective teachers; this was done (see Section E-l,c). 

(16) At the request of the publisher, the Board discussed 
the suitability of PSNS for high school use. They ultimately approved 
a statement drafted by the Board Chairman (see Appendix D-2). 

(17) The Board assisted us in the preparation of renewal 
proposals to the NSF. 

(18) Evaluation was discussed extensively at many meetings. 
While several members were negative toward evaluation, the majority 
supported the final actions taken (see Section E-3) . 
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It is clear from the foregoing record that the Board exerted ex- 
tensive Influence on decisions made by project directors. Representa- 
tion from several sectors of the scientific community provided a 
variety of viewpoints and experiences to draw upon. Even more import 
ant was the fact that our Board members were persuaded of the import- 
ance of this project and they participated vigorously whenever asked 
to deliberate on matters of consequence. 
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E. SPECIAL PROJECTS 
The PSNS directors and staff undertook a numbar of special projects 
which fall In one of the following three categories j (1) communication 
with prospective teachers of PSNS; (2) communication with science 
educators generally; (3) evaluation of the impact of PSNS on students. 
These efforts will be described below. 

1 , Communication With Prospective Teachers of PSNS 
a. Briefing Session, Aug 22 to Sep 2, 1966 

The eight teachers who experimented with the first preliminary 
edition of PSNS during academic year 1965-66 were either project staff 
menbers or friends of staff members. Materials and suggestions on 
teaching techniques were supplied directly to the teachers by the pro- 
ject directors, and feedback from the trial teachers was provided 
through frequent and direct letters and phone calls. It was possible 
to maintain such close contacts as long as the number of teachers was 
small. In I966-67 the number of trial teachers increased to 23, and 
more effective mechanisms were needed to provide assistance to the 
teachers and to insure their cooperation in sharing classroom experi- 
ences which would influence future revisions of materials. 

It was decided in the spring of 1966 to invite applications 
from teachers who wished to offer the PSNS course during the following 
academic year and to cooperate with project staff in the improvement 
of the course. Those 23 teachers whose applications were accepted 
ware expected to provide feedback through several mechanisms in 
exchange for receiving free materials and other forms of assistance. 
(Feedback is discussed in Section C of this report.) One important 
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form of assistance provided was a two-week briefing session held at 
RPI late in the swnner of I966. A.A. Strassenburg was in charge of 
this session. 

Various techniques were used in an effort to convey a sense of 
the PSNS philosophy and to suggest teaching styles which would con- 
tribute toward the achievement of course goalsj 

(1) Teachers were assigned portions of the text to read and 
questions in the text to answer. Classes were then conducted 

by Strassenburg, Wood, and others during which concepts intro- 
duced and questions pos^d in the text were discussed in the open- 
ended, student-centered style characteristic of PSNS. 

(2) Many of the experiments described in the text v.^re per- 
formed by the teachers. For each experiment a prte-lab discuss- 
ion was conducted to identify the goals of the experiment and 

to preview special techniques which might be needed to overcome 
experimental difficulties. Post-lab discussions are regarded 
as even more important by the course developers; it was during 
these sessions that the crial teachers were hopefully convinced 
that students must draw their own conclusions from experimental 
results, and not be told what results to expect. 

(3) The trial teachers were asked to write questions 
appropriate for an examination on specific portions of the PSNS 
materials. Examinations were then constructed from these 
questions and administered to the teachers. After taking an 
examination, the teachers criticized it, item by item. This 



71 

was a devastating but instructive experience. Hardly a single 
question escaped a label of "ambiguous" or "Inappropriate for 
PSNS." We learned that the construction of examinations was 
the weakest aspect In the performance of most of these teachers, 
and also that It provided an excellent vehicle for conveying 
our ideas concerning learning objectives. 

(it) Considerable attention was given to ancillary teaching 
aids such as paperback books and films. Some films were shown 
and analyzed for their usefulness in conveying concepts relevant 
to PSNS. We also profited by drawing on the collective experi- 
ence of the group with a variety of other texts and references. 

In addition to the main goal of transfni tting to the trial teachers 
understanding of PSNS objectives and competence in using PSNS materials, 
two other useful results were accomplished during the briefing session. 
First, the teachers discovered who on the project staff could be help- 
ful with various kinds of problems and they established contacts which 
eased later conOTuni cat ions. Second, a spirit of friendship and in- 
terest in the success of a common endeavor developed which must surely 
have improved the quality of teaching and feedback offered by the 
briefing sesslor. participants. A report of this briefing session was 
included in Newsletter No. 2 (see Appendix E-3) . 

b. Summer Institutes 

The PSNS directors recognized that briefing sessions such as the 
one discussed in the previous section would become too expensive and 
too time consuming as the number of teachers planning to adopt the 
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PSNS course incrsasad. It was decided that efforts should be made to 
Initiate a program of summer institutes to accommodate teachers in 
heed of orientation to the PSNS philosophy and materials - particularly 
<-.hose with weak backgrounds in chemistry or physics. Clearly the staff 
for such an institute must be thoroughly familiar with PSMS. During 
the years of course development, only PSNS staff members qualified, 
and these were all occupied at RPI developing materials each summer. 
,It was therefore decided that the first few institutes should be held 
at RPI and conducted by PSNS staff mOTfaers. In later years, efforts 
were made to stimulate other scientists with experience using PSNS 
. materials to submit proposals for holding institutes on their own 
campuses. The following paragraf^s summarize the extent of these 
efforts and the nature of the three completed institutes v^^ich were 
devoted primarily to an examination of the PSNS course. 
(1) 1967 

An eight-week institute was held at RPI during the 
summer of 1967. Stanley Bunce and A. A, Strassenfaurg served as 
codirectors. Forty college teachers of physical science at 
two-year and four-year colleges participated. Most of these 
held master's degrees In physics, chemistry, or science educa- 
tion; a few held the Ph. D. Support vms prowi^ied by the Nat- 
ional Science Foundation under a separate grant. 

The program consisted of three parts. During the first 
half of each morning, all participants performed and discussed 
selected experiments described in the PSNS text, An Approach to 
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Physical Science (the second preHminary edition was In use at 
that time). Following a coffee break about mldmornlng, the group 
divided Into two classes roughly equal In size. One class, con- 
sisting of teachers weak In cheml stry ,was taught chemistry at 
the freshman college level (from the text by Bassett, Bunce, 
Clark, Carter, and Hoi linger) by Stanley Bunce and Wilfred Campbell 
of RPI. The other class, selected for Its need of physics in- 
struction, studied physics (using the elementary college texts 
by Weidner and Sells) fromA.A. Strassenburg , SUNY-Stony Brook, 
and Robert Tells, SUNY-Geneseo. 

The third period of each day (early afternoon) was devoted 
to an examination of various teaching aids suitable for use with 
PSNS and other physical science courses. The viewing of films 
occupied much of the time, but other visual, aids were also dis- 
played. Demonstrations whic. exhibit the use of simple apparatus 
were performed. The examination of remedial math programmed 
materials (e.g., the work of H.R. Crane) and student difficulties 
with quantitative aspects of the chemistry and physics courses 
led to a series of lessons on elementary mathematical techniques 
offered by A. A. Strassenburg. The participants were encouraged 
to browse through a library of physical science texts and paper- 
backs on science during the later afternoon hours. The follow- 
ing scientists contributed as guest lecturers: 

Elizabeth Wood, PSNS Project 

James Werntz, University of Minnesota 

H.R. Crane, University of Michigan 

Alan Holden, Bell Telephone Laboratories 
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(2) 1968 

The institute program described immediately above was 
repeated during the summer of 1968 but with a few changes. Henry 
Hoi linger, RPI chemist, was added to the instructional staff. 
Stuart Whitcomb, Earlham College, replaced Robert Sells on the 
instructional staff. The program was altered as follows? 

(a) The period devoted to PSNS materials was split into 
two parts. An_ PSMS experiments (as described in the third pre- 
liminary edition) were performed during the early morning periods 
The late morning periods were devoted to post-lab discussions, 
discussions of the questions in the text, and study of the newly 
available Teachers' Resource Book. 

(b) The chemistry and physics classes were shifted to 
early afternoons, 

(c) Ths late afternoons were devoted to films on two 
days a week, a mathematics review session one day a week, and 
left open the other two days. 

(d) The guest lecturers were as follows: 

Elizabeth Wood, PSNS Project 

Charles Price, University of Pennsylvania 

Arthur Livermore, AAAS 

Donald Holcomb, Cornell University 

A report on this institute prepared for the Institutes Section 

of NSF Is included in Appendix E-1 . 

(3) 1969 

Proposals for PSNS institutes to be held during the 
summer of 1 969 were submitted from the following institutions 
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and directors: 

Wheaton College, Norton, Massachusetts i 
H.M». Landis 

Oxford College for Women, Miami, Ohio, 
Richard Sakurai 

University of Washington ^and the Pacific 
Northwest Association of College Physicists, 
Wi 1 bur Johnson 

None of these proposal*^ resulted in a grant. 

Proposals for PSNS institutes to be held during the 
summer of 1970 were sui^itted from the following institutions 
and directors: 

Federal City College and /^erican University, 
Mary Lynn Bolton and Leo Schubert 

Earlham College, Richmond, Indiana, 
Stuart Whi tcomb 

Southern Oregon College, Ashland, Oregon, 
Stuart Ingl is 

Only the Earlham proposal resulted in a grant • The report of this 
institute is included in Appendix E-1 . 

(5) 1971 

Proposals For PSNS institutes to be held during the 
summer of 1971 have been submitted from the following Institutions 
and directors; 

Earlham College, Richmond, Indiana, 
Stuart Whi tcomb 

Green Mountain College, Poultney, Vermont, 
Lawrence Boothby 

The fate of these two proposals Is not yet known • 
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c. Workshops 

The program of stumer institutes described above provided 
adequate preparation for the participants who were prospective teachers 
of PSNSy but the number of teachers accoimodated each year did not 
begin to meet the demand. The project directors therefore decided to 
initiate a program of workshops through which a larger number of 
teachers would have opportunities to become familiar with PSNS material 
Three types of workshops were planned: 

(1) One session, one or two hours in length, at which a 
PSNS staff member would demonstrate PSNS apparatus, lead the 
audience in doing chair-arm experiments, and distribute written 
course materials and promotional literature. We imagined these 
would normally take place as part of the program of a larger 
meeting on science teaching such as a regional NSTA meeting or 
a meeting of a state academy of science, 

(2) One-day meetings of 15-^75 teachers from neighboring 
colleges, gathered together on a Saturday (or another holiday 
from classes) expressly to learn about PSNS, laboratory experi- 
ments and classroom discussions which Illustrate PSNS techni- 
ques would be scheduled. 

(3) Two-day meetings of teachers living In thinly populated 
regions where great travel distances make It difficult to bring 
science teachers together for shorter meetings. At these, 
teachers could perform PSNS experiments and discuss thoroughly 
the philosophy of the course. 
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Workshops of types (t) and (2) were arranged. During 
academic year 1968-69 the costs were borne entirely by the pub- 
lishers, John Wiley and Sons. Beginning with September, 1969 
the costs were shared between Wiley and PSNS; Wiley paid parti- 
cipant expenses and supplied PSNS materials free while PSNS paid 
travel and consulting fees to the PSNS staff members who conducted 
the workshops. The availability of these sessions was announced 
in numerous communications-, Wiley salesmen also helped to gen- 
erate Interest in and to schedule workshops. Lewis Bassett, 
A.A. Strassenburg, Elizabeth Wood, and Gene Davenport of Wiley 
all contributed to the scheduling of and arrangements for 
workshops. 

The grpund rules which indicate what a group must do to 
qualify for a visit and some of the procedures Involved in 
arranging and conducting a workshop are listed below: 

(1) Applicants must guarantee a minimum attendance which 
includes either 30 college science teacher participants 
or representatives from 10 different colleges. 

(2) Any accredited two-year college, four-year college, 
or university which does teach or is planning to teach a 
physical science course for nonscience students Is eligible 
to appl y. 

(3) A host institution must be able to provide: 

(a) a classroom with chair-arm seats or tables, 

(b) several tables on which the staff consultant^ 

can display apparatus and perform demonstrations. 
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(c) a. c. power outlets and a supply of water, 

(d) an overhead projector and a 35-<nm slide projector, 

(e) a separate location for a coffee break and 
coffee for the participants, 

(f) meal facilities as required, 

(g) overnight acconmodations when necessary, 

(4) Meetings - except for type (1) meetings - should not be 
scheduled for less than six hours exclusive of meal functions 
When travel distances are small, as in urban areas, one-day 
meetings are reasonable; when travel distances are large, 
two-day meetings should be considered. 

There follows a list indicating: the time and place of each work- 
shop held before Sep 1, 1970 (and two scheduled for October); the 
host individual and his group or institution; the approximate attend- 
ance; and the PSNS staff member who conducted the session. 



Date and 
Location 



Host 



No.of Parti- Workshop 
cipants Leader 



Sep 28,1968 
Salina, Kansas 

Jan 19,1969 
Berea, Kentucky 

Mar 14,1969 
Dallas, Texas 

Mar 15,1969 
Chicago, 111. 

Apr 12,1969 
College Park,Md. 

Apr 18,1969 
Des Moines, Iowa 



Kansas State Dept. of 
Public Instruction 

Thomas Strickler, 
Berea Col I ege 

NSTA Regional 
Meeting 

Edwin DeYoung, 
Loop Col lege 

Chesapeake Physics 
Association 

David Robinson, 
Drake University 



25 

30 

50 

40 

40 

25 



A .A . Strassenburg 

E.A. Wood 

S.J . Ingi f s 

A. A .Strassenburg 

E .A .Wood 



A .A . Strassenburg 
and E.L.Carl yon 



Si 
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Date and 
location 



Host 



No.of Parti- Workshop 
cfpants Leader 



Apr 19,1969 
Kirksvilia, Mo. 

Apr 25,1969 
Richmond, Ind. 

May 7,1969 
Corning, N.Y. 

May 10,1969 
New Brunswick, N.J. 

Oct 31,1969 
Los Angel es ,Ca1 1 f . 

Dec 5,1969 
Blloxi, Miss. 

Feb 7,1970 
Klamesha Lake, N.Y. 

Mar'13,1970 
Cincinnati ,Ohio 

Mar 1^4,1970 
Houston , Texas 

Mar 21,1970 
Buffalo, N.Y. 

Apr n ,1970 
Monroe, La. 

Apr 25,1970 
Portland, Oregon 

May 2,1970 
Bowling Green, Ohio 

May 23,1970 
Carbondal e,1 1 1 . 

« 

Jun 6,1970 
Col vsnfaus , Ohio 

Oct 9,1970 
Grand Rapids, Mich. 

Oct 23,1970 
Manhattan, Kansas 



John Sett 1 age, 27 
N.E.Mo. State College 

Indiana Section of ' 45 

the AAPT 

College of the Finger 25 
Lakes Region 

Rutgers University 35 



NSTA Regional 50 
Meeting 

NSTA Regional 12 
Meeting 

New York State 10 
Teachers Association 

National NSTA 100 
Meeting 

r-ank Price, South 2^+ 
rxas Junior Col lege 

John Barnett, SUNY 70 
College at Buffalo 

Clyde Combs, Jr., 25 
N.E.La. State College 

Bruce Kaiser, Portland kO 
State University 

Prof. Shirkey, Bowling 30 
Green State Col 1 ege 

J. Sullivan, Southern 30 
Illinois University 

Two-year College 30 
Chemi stry Counci 1 

NSTA Regional 30 
Conference 

Consortium for the 150 
Advancement of Physics 
Education 



A.A.Strassenburg 
and E.L.Carl yon 

S.E.Whit comb 



E.A.Wood 

E.A<^Wood 

S.J.Inglis 

H.B.Hol linger 

E.A.Wood 

S.E.Vrtiitcomb 

S.J.Inglis 

A.A.Strassenburg 
E.L .Carl yon 
S.J .Ingi i s 
H.B . 'v - 1 inger 
S.E.WhItcomb 
S.E.Whitcomo 
S.E.Whitcomb 
A.A.Strassenburg 
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- Sampi- reports prepared by the workshop leaders are appended (see 

f 

Appendix E-2. 

2. Comniunlcatlon With the General Science Cormium'ty 

The PSNS staff was cjuite small and tended to concentrate on mat- 
erials development; we rarely devoted much time to seeking pubtfcfty. 
Nevertheless, some efforts were made to keep the science community in- 
formed of our progress. These efforts took the form of occasional 
newsletters sent to a growing mailing list of interested science teachers, 
infrequent talks at society meetings, and articles in professional 
journals. The following paragraphs sAjmmarize these activities, 
a. Newsletters 

Once each winter a newsletter was produced and sent to every- 
one included on the project mailing list. (The mailing list consisted 
of the names and addresses of alf individuals who exhibited any inter- 
est in the project; it included, for example, ail those who wrote any 
project director for information. There are about 1500 names on the, 
list.) The newsletters described the philosophy of the course, re- 
ported on the status of materials under development and how they 
could be obtained, and listed those who contributed to the project 
in significant ways. The four newsletters are included with this 
report as part of Appendix E-3. 

During the spring of 1967 a special communication was pre- 
pared and sent to a much larger number of science teachers. We vere 
at that time beginning work on the third preliminary edition of the 
text, ftn edition wHich would be published by Wiley and would serve 
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for two academic years while the final edition was in production. It 
was planned that Wiley would also process orders for equifament required 
for experiments described in the third edition. We anticipated sub- 
stantial demand for materials during the academic years 196*^-68 and 
1968-69, We realized we would not be able to screen potential users, 
brief those selected, and collect feedback systematically from them, 
as we did in 1966-6?, if the number of users was allowed to grow. After 
careful consideration we agreed that the course would sell itself and 
be sold by the publishers, and that teachers would ultimately have to 
learn to use it without direct assistance from the. staff, so we decided 
to abandon user control inmiediatel y. This decision left us with the 
problem of determining how many third-edition texts and how much 
associated apparatus should be stocked for the coming two years. The 
special communication was designed to provide this information. A 
question was also asked about the interest in PSNS summer institutes. 

The document prepared was entitled ''An Approach to Physical 
Science - Announcing the Release of Materials Produced by the PSNS 
Project for a College Course in Physical Science for Nonscience 
Students." It was distributed to physics and chemistry department 
chairmen in every college ^n the U.S. where, in our judgment, a 
physical science course for nonscience students would be offered, A 
copy of this document is included al part of Appendix E-3. 

Talks and Arti c1 es 

t c 

From time to time during the lifetime of the project the 
directors and certain staff members have been asked to present talks 
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about PSNS at meetings of science educators, or to prepare articles 
for publication in newsletters and journals. (These talks are distinct 
from workshops in that the audience is not involved in working with 
the course materials.) The project directors did not deliberately 
arrange for these, and no coordinated effort was made to publicize the 
course in this way. ^e did accept most invitations and we suggested 
other staff members when the one invited could not accept. Each speaker 
prepared his or her own presentation, and no special efforts were made 
to assemble visual aids for this purpose. When major articles were 
prepared for publication, they were generally reviewed by all the 
directors prior to submission. 

Mc-e attention to effective public relations might have been 
beneficial; tht policy adopted, however, suited the schedules and 
the sense of priorities of the directors. We do feel that the pro- 
ject profited from the opportunities it was offered to publicize its 
products. 

There follows a list of talks given by directors and staff 
members during the past five years. The list indicates dates and 
locations, the organization sponsoring the meeting » and the name of 
the speaker. 
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Date and 
Location 



T^Vks on PSNS by Staff Members 
Occasion 



Speaker 



Oct 1965 
Chicago,!! 1 . 

Jan 29,1966 
New York,N.Y. 

Mar 6,1966 
Greensburg,Pa . 

Sep 1 ,1966 
Chicago, 111. 

Oct 20,1966 
M1nne3,pol i s,Mlnn. 

Feb 1967 

New York,N.Y. 

Fab 6,1967 

Apr 14,1567 
Portland, Ore. 

Jun 1967 

Garden City,N.Y. 

Jun 1,1967 
New York, N.Y. 

Oct 6,1967 
Boston, Mass. 

Nov 4,1967 
Cincinnati ,Ohio 

Nov 10,1967 
Atlantic City, N.J. 

Mar 30,1968 
Washington ,D .C. 

Apr 1 ,1968 

San Francl sco,Cal if . 

Apr 26,1968 
Seattle, Wash. 



Regional Meeting, NSTA 



American Association of 
Physics Teachers 



R .S.Sakurai 
E. A, Wood 



Pennsylvania Catholic Science L.G.Bassett 
Round Table, Seton Hill College 



National Science Teachers 
Association 

; 

Minnefvast Staff, Universi ty 
of MinfTesota 

New York Association TYCPT 



American Chemical Society 
PNACP 



Nassau Community College 
Engnr . 

Brooklyn Catholic Dioceses 



National Science Teachers 
Association 

National Science Teachers 
Association 

New Jersey Science Teachers 
Associati on 

National Science Teachers 
Associ ation 

American Chemical Society 
University of Washington 



E. A. Wood 

E.A.Wood 

Shir 1 ey Aronson 

A.A.Strassenburg 
S.J.Ingl is 

Shirley Aronson 

A .A.Strassenburg 

S .J .Ingi i s 

S.J .Ingl i s 

A.A.Strassenburg 

S .J .Ingl is 

E.A.Wood 

E.A.Wood 
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Date and 
location 



Occasion 



Speaker 



Apr 26,1968 
San Juan, P.R. 

Apr 27,1968 
Muncia, Ind. 

Sep 14,1968 
Montauk, N.Y. 

Sep 28,1968 
Salfna, Kansas 

Oct 1968 

Jefferson CUy,Mo, 

Oct n ,1968 
Portland, Oregon 

Nov 23,1968 
Atlanta, Ga. 

Dec 1 1 ,1968 

New Brunswi ck,N .J , 

Feb 1969 

New York, N.Y. 

Mar 5,1969 
Institute, W.Va. 

Mar 13,1969 
Farmingdal e,N .J . 

Apr 12,1969 

Col 1 ege Park,Md. 

Apr 25,1969 
Richmond, Ind. 

May 10,1969 

New Brunswi ck,N ,J . 

Oct 31,1969 

Los Angeles, Calif . 

Nov 7,1969 
Atlantic City, N.J. 



PRSTA 



Indiana Sect. AAPT 



W1 1 ey Teachers ' Conference 



KSTA 



Missouri Association 
of Jr. Col leges 

National Science Teachers 
Association 

Int'1. Services to Education 



New Jersey Section of AAPT 



American Association of 
Physics Teachers 

W.\/a . State Col 1 ege 



SUNY Agricultural and 
Federal State College 

Chesapeake Physics Ass'n, 
University of Maryland 

Indiana Section AAPT 



Rutgers University 



National Science Teachers' 
Association 

New Jersey Science Teachers 
Assoclat ion 



S.J.IngI Is 
S.Whit comb 
A.A.Strassenburg 
A.A.Strassenburg 
P.S. Sakurai 
S. J .Ingi 1 s 
A.A.Strassenburg 
E.A.Wood 
Shirley Aronson 
R.L.Sel 1 s 
E.A.Wood 
E.A.Wood 
S .Wl , I ccomb 



E.A.Wood 



S. J .Ingl 1 s 



E.A.Wood 
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Date and 
Location 

Feb 5,1970 
Boston, Mass 



Feb 9,1970 
New York, N.Y. 

Feb 13,1970 
Washington, D.C. 

Mar 13,1970 
Buffalo, N.Y. 

Mar 13,1970 
Cincinnati ,0h1o 

Mar 14,1970 
Houston, Texas 

Apr 18,1970 
Saratoga, Cal 1 f . 

Apr 25,1970 
Portland, Oregon 

May 23,1970 
Carbonda1e,Il 1 . 

Jun 4,1970 
Columbus, Ohio 

Jul 30,1970 
Richmond, Ind. 

Oct 9,1970 

Grand Rapids, Mich. 

Nov 13,1970 

San Francl scOjCal 1 



Occasion 



Schools of Education and ' 
Science Seminar, Boston 
University 

Teachers Education Conference 
Few York University 

NSF Coord. Conf. 



PSNS Workshop, Buffalo 
State University 

National Science Teachers 
Association 

PSNS Workshop 



California Association of 
Chemistry Teachers 

PSNS Workshop 



Workshop at SIU 



Two-Yea- College Chemistry 
Conference 

PSNS Institute, Earl ham 
Co1 1 ege. 

NSTA Great Lakes Region 



National Science Teachers 
f. Association 



Speaker 



L.G.Bassett 

and E.L. Carl yon 



A.A.Strassenburg 

A.A.Strassenburg 

A.A.Strassnburg 

S.Whitcomb 

S.J .Ingi 1 s 

S.J.IngI Is 

S.J. Ingi is 

S.Whitcomb 

S.Whitcomb 

A .A.Strassenburg 

S.Whitcomb 

S.J .Ingi is 



SS 
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The Hst below Includes the major articles about PSNS written 
by staff members and published in science journals and newsletters: 

0) Report of a Conference on Physical Science Courses. 
CCP Staff, American Journal of Physics, Vol. 2, No. 6, pp.^28-A32, 
June, 1 964 

(2) P SNS Project at RPI . E.A.Wood, American Journal of 
Physics, Vol. 3^, Part 2, No. 9, pp.891 -894, September, 1966. 

(3) Physical Science for Nonscj enti sts , PSNS Staff, 
Physics Today, Vol. 20, no. 3, March, 196?. 

f^) Physical Science for Nonscience "Students . E.A.Wood, 
Commission on College Physics Newsletter, No. 17, October, 1968. 

(5) The PSNS Project . E.A.Wood, Journal of Chemical 
Education, Vol . 46, p, 69, February, 1969. 

(6) PSNS, AlP Staff, AIP Educational Newsletter, Vol. 
XII, No. 8, November, I969. 

(7) PSNS , A.A. Strassenburg, Seventh Report of the 
International Clearinghouse on Science and Mathematics Cur- 
riculum Developments, 1970 Edition, pp. 486-488. 

Number (1) is a report of the Chicago conference sponsored by 
CCP which led directly to the organization of PSNS (see Appendix 
A-1). Number (2) was part of the biannual CCP report. Number 
(4) was reproduced in sufficient numbers so that it could be 
distributed by Wiley along with other promotional literature 
about PSNS materials. Number (7) is not a publication in a 
traditional sense, but this reference contains much information 
about the project. Numbers (2) through (6) appear in this report 
as Appendix E-4. 

« 

3. Evaluation 

a. Evaluation of Student Performance 

The project staff spent relatively little time, compared to 
other course development projects, on the development of instruments 
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for the evaluation of performances of students enrolled in the course. 
Some sample test items are included in the Teachers' Resource Book, but 
these are meant to provide only a flavor for the style of examination 
questions thought suitable by the project staff; there are not enough 
Items to allow a teacher to assemble even one complete exam on any 
one unit of the book. The project directors felt strongly that multiple- 
choice questions, or other styles of highly objective questions, are 
compatible with the PSNS course only if very carefully designed. Usually 
essay questions or other open-ended styles of questions would be pre- 
ferred. Once this is understood, it seems clear that the questions 
should be designed by the instructor to match the abilities and numbers 
of his students and the kinds of experiences he has provided for them. 

Two of our staff members, Richard Sakurai and H.M. Landis, de- 
veloped a double multiple-choice question style which seems promising 
as an objective method of evaluating PSNS students. The first half of 
the question requires a choice among possible factual answers; the 
second half requires a choice among reasons for selecting the first 
answer. A paper describing this technique was submitted for publica- 
tion in the American Journal of Physics. 

b. Evaluation of Progress During Course Development 

The primary method of determining whether or not the materials' 
developed were satisfactory involved the collection of feedback from 
teachers using the preliminary versions of the materials. This feed- 
back came in three forms: unsolicited testimonials, written reports, 
and oral reviews. 
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The early testfmonfals from the trial teachers were almost 
untformly favorable. While the project directors did not place too 
much importance on these since most of the early teachers were also 
closely connected to the development efforts -- nevertheless they found 
great encouragement from them. The only negative reports during the 
first two years came from a teacher with a very large class (over SOO 
students), a staff member who was required to use a conventional lecture 
course with thw PSNS laboratory, and a teacher who had sislected only 
students of high academic standing. 

The eight trial teachers during I965-66 and the 23 trial 
teachers during 1966-67 provided written records of their classroom 
and laboratory experiences. A sample report form is appended (see 
Appendix E-5). These teachers were also assembled, together with 
project staff, for short meetings once during each academic year and 
for a week at the beginning of each summer writing session. Page-by- 
page criticism was elicited from the teachers at these meetings. The 
entire process of collecting feedback and feeding it back into the 
developmental activities is discussed in more decail in Section C of 
this report. 

c. Sunvnative Evaluation of Success in Achievinc| Course ObiectWes 
A major crit icism of the original proposal msde by reviewers 
focused on the lack of any plan for evaluation. The project directors 
took this criticism seriously, and discussions about evaluation 
occupied many hours at meetings of the Advisory Board. Our stated 
objectives (see Table 3 in the first paper in Appendix E-6) called 
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for changes In student attitudes and growth In science process skills. 
Several Board members felt that the former could not be evaluated, and 
the latter could be measured trough course exams. Therefore they 
argued against a formal evaluation performed by external evaluators. 
The majority felt that science teachers only measure acquisition of 
knowledge with course exams and thus any hope of measuring affective 
variables lay with professional evaluators. Therefore the project 
directors began to negotiate with educational -measurement experts. 

During 1966-6?, E.A. Wood and A. A. Strassenburg paid several 
visits to the offices of Educational Testing Service in Pr i nceton ,New 
Jersey. These negotiations proceeded slowly at first, in part because 
a common language for effective communication between evaluators and 
scientists had to be discovered, and in part because new measurement 
experts became involved in the task on each visit. In the fall of 
1967, Stanley Zdep of ETS was assigned to PSNS. Stuart Inglis, then 
working fulltime for PSNS, cooperated closely with him and some pro- 
g-ess on evaluation was made. An evaluation design was submi tted by 
Zdep and approved by the PSNS Advisory Board. It called for the de- 
velopment of a new evaluation instrument by ETS. Part of the valida- 
tion process called for PSNS to arrange for the administration of 
preliminary versions of the instrument to both science and nonscience 
majors at a number of colleges. These trials were held during the 
winter of 1967-68. ETS then generated a revised evaluation instru- 
ment and submitted it to PSNS for approval. The Advisory Board re- 
fused to approve it and asserted that the ETS evaluators had failed 



90 

to understand the real intuit behind the PSNS objectives. The project 
directors then invited ETS to send two evaluators to RPI (at PSNS 
expense) to interact with project staff for two weeks during the sunmer 
writing session. ETS refused this invitation. As a result, the Advisory 
Board decided at their summer meeting in 1968 that we should sever our 
relationship with ETS and seek another evaluator. This was done by* 
letter from A.A. Strassenburg to Stanley Zdep dated October 14, 1968 
(a copy was sent to Alfred Borg at NSF). As the letter points out, 
some expenses had been incurred by ETS for services performed; these 
were paid by PSNS. 

In the fall of 1968, Wood and Strassenburg began negotiations 
with Mrs. Hulda Grobman concerning PSNS evaluation. Mrs. Grobnan did 
study the PSNS objectives and materials, and wrote a brief evaluation 
proposal. Strassenburg found this promf:ing, but not sufficiently 
detailed and defective in some respects. He requested some elabora- 
tion and fortification of the evaluation design, Mrs. Grobman chose 
to withdraw from the project rather than prepare another proposal. Thus 
on Jan 20, 1969, we had no immediate prospects for an evaluation. 

At the spring meeting of the Advisory Board it was decided to 
request an extension of the project termination date to allow time to 
complete supplementary chapters in progress and a course evaluation. 
A.A. Strassenburg had visited Wayne WelcT at Harvard and had invited 
him to prepare an evaluation proposal. Welch did so and presented 
this proposal to the Board at a meeting n Troy on Apr II, I969. The 
Board voted to accept this proposal and Welch was notified that ho 
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should begin work at once. His efforts have led to what we feel is 
a well -planned and satisfactory evaluation study. Two reports pre- 
pared by Dr. Welch, one describing the research designed, and the other 
reporting the results are included as Appendix E-6. For a report on 
the cost of this evaluation, see Section B of this report. 

Although the design of the evaluation program and the con- 
clusions drawn from it can only be interpreted and understood by a 
careful reading of the articles in Appendix E-6, an outline summary of 
the program, prepared by Dr. Welch, is helpful at this point. 

SUMMARY OF THE EVALUATION RESULTS AS REPORTED IN APPENDIX E-6 

Part I. Strategy and Implementation 

1. Evaluation of a national curriculum project in a dozen 
colleges and universities involving more than 1 ,000, students 
was successfully conducted due to the fine cooperation 
received from the cooperating instructors. 

2. College students were generally cooperative in evaluating 
col 1 ege courses • 

3. There was considerable attrition of students enrolled in 
physical sciance courses during the course. The decline 
in PSNS was 29 per cent while in other courses it was 37 
per cent. 

Part II. Results 

if. students enrolled in physical science courses in college 
are generally freshmen and sophomores who bring with them 
typical high school experiences in science and mathematics. 
Nearly all have taken biology, about half have had chemistry 
and one in five has taken high school physics. Most have 
had two or more years of mathematics. 

5. Physical science students score above average normative data 
on measures of interest in physical science, but are below 
average on mathematics interest. 
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6, There was an overall measured effect of the PSNS course on a 
set of 14 testing instruments. PSNS students had more posi- 
tive attitudes and interest in science upon completion of 

the course than ^id students in other physical science courses. 

7. Differences between the courses on measures of science pro- 
cess understanding were not statistically different. 

0. The one negative result for the PSNS course compared to others, 
was a significantly lower score on the scale Doing Laboratory 
Experiments, Safe. 

9. Regardless of the physical science course taken, students 
enrolled for one year rather than one semester showed signi- 
ficantly higher scores on measures of science process under- 
standing and attitudes toward science. 

10. Interviewed instructors expressed positive reaction to the 
course in general, and were enthusiastic in their judgment 
of its success. 



11. The PSNS seemed to work best, that is, achieve its objec- 
tives when taught in a self-contained classroom with labora- 
tory opportunities, discussion, and lecture occurring as the 
situation demanded. 

12. The most pressing difficulty encountered by the instructors 
was the difficulty in obtaining manufactured laboratory and 
demonstration apparatus. 

13. Another often expressed problem was the increased amounts of 
preparation time required on the part of the teachers. 

14. Student reaction to the PSNS course was generally positive, 
particularly student interest. The most often voiced nega- 
tive remark was the concern over the limited subject matter 
covered. 

Independent Evaluation Efforts 

PSNS has provided at least two graduate students with thesis 
topics in educational measurement. One of these was Handley Diehl, 
a PSNS staff member during the summer of 1965. In the winter of I965- 
66, Diehl requested permission to teach PSNS under controlled conditions 
at Miami University (Oxford, Ohio) as part of his doctoral dissertation. 
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The PSNS Advisory Board granted permfssfqn but asked that he submit 
his thesis for review by the Board before releasing the data. A 
thesis was written, but the research results were.never submitted to 
the Board. Presumably the thesis is available from Miami University. 

The second student was George Frangos who taught a modified 
version of PSNS at California State College, California, Pennsylvania, 
and conducted research on the effects of this course on "student 
understanding of the scientific enterprise, understanding of solid 
matter and the techniques for Its investigation, and the ability to 
do critical thinking." This work was part of a doctoral disserta- 
tion to be submitted to Ohio State University. In the spring of I969 
Frangos asked project staff members to criticize an evaluation In- 
strument he had designed. He did receive substantial criticism and 
was advised that his modification - largely amounting to more material 
and an Increased pace - altered the course so substantially that he 
was not really testing PSNS as originally designed. 

Finally, it Is v;orth mentioning that the publisher, John 
Wiley and Sons, hired a consultant to evaluate the posslbl 1 1ty.-.of 
preparing detailed learning objectives for PSNS with a view toward 
modifying the course materials to include a more extensive use of 
audio-visual aids. Bill Aldridge of Florissant Valley Community . 
College reported in July 1969 that such adaptation Is possible, but 
he was otherwise quite critical of the course materials. 
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«• Ustge of the Coursg 
. The first preHminary edition of the course materials was used 
at eight colleges fn 1965-66. Six of the Instructors were PSKS staff 
mambersj the other two were in close ccaimunicatlon with the staff (and 
one later became a staff member). Class sizes were small except at 
Ball State University where over 800 were enrolled In the course- 

^ The second preHminary edition was used at 23 college, furing 
1966-67» These had all applied for the opportunity to cooperate with 
the project; the instructors provided feedback on their experiences 
with the materials. On page 11 of Newsletter Number 2 (see Appendix 
E-3) is a list of the trial schools and the number of students en- 
rolled at each. Enrollments varied between 10 and 150 students per 
college and total 1490 for an average of 65 students per college. 

The third preliminary edition was used at approximately kO 
colleges during 1967-68 and 50 during 1968-69. The only records con- 
cerning these schools were kept by Wiley, and from these records it 
Is not easy to determine how many institutions had actually adopted 
the materials and how many had placed small orders for purposes of 
examination. It is known that a first printing of 5000 copies of 
Volume 1 sold out completely and a second printing was necessary. 

The final edition of the text first appeared in January, 
1969. The first version of the Teachers' Resource Book published by 
Wiley became available shortly thereafter. Apparatus for all the 
experiments described in the text, though provided by Damon Educational 
Incorporated, could be ordered along with books from Wiley, Sales 
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for 1969-70 were «pprox!m«tel y 13,000 copies; 153 different colleges 
placed orders ranging from 10 to 612 copies. 

During the sunmer of 1970 a volume containing five supple- 
mentary chapters was released and a neu version of the Teachers' 
Resource Book, which included material on the supplementary chapters, 
became available. It is too early to -eport total usage for 1970^71, 
the publishers anticipate sales similar to the previous year even 
though spring and early summer book arders from acadonic institutions 
are less than usual throughout the profession. 




'65 '66 '67 '68 '69 '70 
-66 -67 -68 -69 -70 -71 

(a) Annual Numbers of 
Colleges Using PSNS 
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APPENDIX A-1 
The Chicago Conference 
Sep 5-7, 1963 

REMOVED DUE TO COPYRIGHT RESTRICTIONS 
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APPENDIX A-2 
The Rosemont Conference 
Oct 18-19,1963 
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Report 

of > 
New York-Pennsylvania Conference on Physical Science Courses 

On Seotenber 5 6. and 7. 1963, a conference was held at the Center 
for cS^tl^fflducatM tAe University of Chicago to st^ate activity 
among scientists and educators toward «ie develrpment f .^^rials to new 
and iiroroved physical science courses for nonscience majors. ^^^^^^^^^ 
S tS^nfer J^ce contains the rec«»nendation that several s^pa^^^^^f^f « 
II Sde to produce one-year elonentary level coUege ^rses whi^ c«^in6 
choSstry and physics. Some general characteristics desirable for sudi a 
course were also outlined in the report. 

The Chicago Conference succeeded in convincing a nuniber of sciaitists 
and educators of the need for action. The n«st pr<^t response cane from 
the Nev; York- Pennsylvania area. Several physicists ^^/""ZllL^^ 
institutions agreed to contribute to the organization of a working groj^ 
Sose fuJiction^ll be to prepare new materials, try them in c^^«^^' 
and revise them in the light of the trial use. In order to axd the organ^ 
izers in their search for persons in the area with 

needed to make significant contributions to tiif P«>3ect, the Commission on 
College Physics and the Advisory Council on College Chemistry called a 
folloS-up conference which was held at Rosemont, Pennsylvania on October 18 
and 19, 1963. 

The Rosemont Conference addressed itself to the following questions- 

1. How can one call upon the existing interests a^^.^^i^i?^^® °f ^ 
students whose prior orientation has been non-scientific so as 

to obtain their enthusiastic participation m scientific activity/ 

2. l^at teaching techniques and what materials cm be employed to 

transmit genuine understanding of science to large classes of non- 
science majors? 

3 VJhat topics from physics, chemistry, or allied sciences lend them- 
selves ?o?reatment'^in depth by students without strong backgrounds 
in mathematics or science? 

Answers to these questions were sought by calling on the combined 
experiences of the conferees, and in particular by focusing attention on the 
written materials, apparatus, and visual aids used by several participants 
who had recently taught elementary science courses for such students. 

Several major themes emerged rather clearly from the discussion which 
should serve as useful guides for the future. For one, course planners 
should not be restricted by boundary conditions which require complete . 
coverage of the traditional topics of elementary physics and ch^^*^^ . ,^ 
ToLses. No single topic is so important that its inclusion should override 
consideration of student interest and suitable style of treatment. Most 
conferees agreed that topics selected should illustrate the basic unifying 
principles of physical science, and only as secondary criteria should con- 
sideration be iiven to. the historical role of a concept or tiie relationship 
a subject may have to the various goals of nonscience students. 
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JThere was unanimous agreonent that laboratory should play a maior role 
in the course. Students should be encouraged to learn facts by observation, 
to formulate models which encompass the observed facts and to perfoim fer- 
• ™^ experiments to test t^e models. While this way of learning the 
si^entific method is desirable, it sh;^uld not be the only tead^ng technimie 
eni>loyed. Ingenuity must be invoked to discover a variety of new approaches, 
ai^entxng lecture demonstrations, class discussions, visual aids, and 
ixbrary assignments . ^dh will reinforce one another and relieve the mono- 
tony of the purely verbal approach. 

4.*.^ J^°?S? en|>hatically concerns the legendary obieo- 

t^^^ °! scientist, the austerity of his laboratory, and the inevita- 
nntZ^ °L logical arpnents. Not only does this image misrepresent the 
fSr^*^ f^^^®® science progresses, but it is likely to repel 

b/n«^!J!f 3 i^-^^^^s; li^f ^ inteivpersonal relations. The students 
foScf^^^^^f^r^^ t° per.^onalities of scientists and the fash- 

i^ u 5 times influence the growth of scientific knowledge; they 
! f?"'? unsolved problems about which humans are 

curious and with the limitations of science in solving crucial world problems. 

The traditional attitude the science teacher atten5>ts to convey to 
students in helping them to understand physical phenomena is strongly 
analytical. The student is faced with a problem, either theoretical or 
experimental, and encouraged to discover those aspects of the problem which 
are simple enough to be related to a broad generalization. It was uiged 
strongly by Phil Morrison that many of the learning situations provided 

S^n JJf^^^^i^^l"^^'^'^? ^^^^ ^ synthetic flavor. Students should 

be provided with simple materials from which they are asked to construct 

nf..of^f.^^°'"®*^' thereby learning new principles or reinforcing some 
already known. (More con^lete views of Dr. Morrison on this and other 
subjects related to the teaching of science to nonscience majors are 
contained m the transcription of the talk |ie delivered at the corference.) 

Finally, there was considerable discussion at Rosemont directed at the 
problem of how to teach a challenging laboratory centered course in the 

f ?f T °J "^versity framework to the large numbers of students that need 
and will demand a good course in physical science. While no sure solutions 
^vnL^fr- as yet. it was agreed that great effort should be 

l^^^f^f exploring the feasibility of relying heavily on programmed 
learning, take home apparatus kits, closed circuit television. . films and 
film loops, and a host of other modem tedduL^es. It is certainly true 
be of ?C^/?f^^ development which is no^ adaptable to mass teaching will 
the ^ideS; age P^^viding science education for non- science majors in 

P^^^ *° mechanisms by which the general plan of 
attack outlined above may be iJi|)lemented. Scientists from several universi^ 
ni^Lofr+.^'^rf!^^'^ interest in exploring the possibility of submitting a 
l^?^^ r hold working sessions at their institutions. It is hoped that 
enou^ interested scientists have been convinced of the importance of the 
proaect to form a nucleus for a st-ering committee and a working group. 
Cooperation m having the initial materials tried at state collfgis in 
New York and Pennsylvania seems assured. ^ 
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Mew York-Pennsylvania Regional Conference on the Preparation 

of a 

Physical Science Course for Kon-3cience Majors 



Participants 



Rosonont, Pennsylvania 

David G. Barry, Geology 

Lewis G. Bassett, Ch^stry 

Peter G. Bergmann, Physics 

Leo J. Brandenbur^er, Industrial 
Design Engineer 

Sidney M. Cantor, Chemistry Consultant 

Ralph Caplan, Writer 

Walter Eppenstein, Physics 

Harold H» Faigenbaum, Chemistry 

Harold B. Gray, Chemiotry 

Gilbert P. Haight, Chemistry 

George \L Hazzard, Physics 

Alan N. Holden, Ch^cal Physics 

Harry F. Meiners, Physics 

Walter C. Michels, Physics 

Philip Morrison, Physics 

V. Lawrence Parsegian, Enginc>ering 
Physics 

Charles C. Price, Chemistry 

Albert J. Read, Physics 

Frank Reynolds, Chemistry 
Russell K. Rickert, Physics 
Miss Phylis Singer, Tsacher 
Clifford R. Swartz, Physics 



October 18-19, 1963 



Atnwspheric Sciences Research 
Center, Albany, New York 

Rensselaer Polytechnic Institute 
Yeshiva University 

Philadelphia, Pennsylvania 
Ardimjre, Pennsylvania 
New York 

Rensselaer Polytechnic Institute 
Rensselaer Polytechnic Institute 
Columbia University 
Swarthmore College 
General Electric, Schenectady 
Bell Laboratories, >!urr5y Hill 
Rensselaer Polytechnic Institute 
Bryn Mawr College 
Cornell University 

Rensselaer Polytechnic Institute 
University of Pennsylvania 



tate University of New York at 
Oneonta 



William U. Walton, Physics 
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West Chester State College 

West Chester State College 

Short Hills, New Jersey 

State University of New York 
College at Stony Brook 

Webster College, Webster Groves, ^k 



Coimiission on College Physics Staff: ' , . „^ . 

E. Leonard Jossem Edv?ard D, Lambe Arnold A. Strassenburg 



OK 

PHYSICAL SCIENCE COURSES 



A6ENCA 



Afternoon Session 

2:00 
2s30 
3:30 
4:00 
5:00 
S:30 
6:00 

Evening Session 

8:00 



9:00 



Friday. Oetober 18, 1963 



WeJcome and Introductory CowmentB 

Discnission 

Coffee 

"Where do we stand now?" 
Crystals— film by Alan Holden 
Discussion 
Dinner 



- Walter C- Mlchela 



- Edward D. Lan^e 



**IVav4 to make physical science meaningful to 
vwspeciive elementary school 

teachers" - Phylis Singer and 

William Walton 

Discussion 



Morning Session 

9:00 

10:30 
11:00 
11:30 
12:30 

Afternoon Session 

2:00 

2:30 
3:00 



Saturday, October 19, 1963 



'^Desirable Characteristic for a Physical Science Course 
for Nonscience Majors" - Phil Morrison 

Coffee 

"How do we begin?" 
i;isf»ussion 
Lunch 



- Charles Price 



"Possibility of organizing working group at Rensselaer 

Polytechnic Institute" - Lewis Bassett 

Discussion 

Group A: Discussion of mechanisms for organization 

and direction of project. 
Group B: Discussion of appropriate course topic?? 

and method's of treatment. 
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APPENDIX A-3 
The Boulder Conference 
Jul 2-29, 196i* 

Relevant pages of The Proceedings 
of the Boulder Conference on Physics 
for Nonscience Majors . 
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REPORX OF THE PKV3ICAL SCIENCE COURSE GRD&P. 
Boulder Conference on Physics for Nonscience Majors 

Meinberss Malcolm CorrelL. chairman, bobbin Anderson, WilUam Cook, 
David Gavenda, George Hazzard, Melba PhiUips, 
Strassenburg, E<^in Uehling, James Wemtz, Elizabeth Wood, 

Visitors who made valuable contributions: Arnold Arons, K- R. Crane, 
Howard Pincus, Theodore Puck. 

Suninary of Preliminary Planning Session 

Proposed Tiflie Schedule: 

Wednesday. July 22 - Broad outlines to be considered: blocks of 
material, thematic lines, laboratory, and others to be de- 
fined* 

Thursday, July 23 throu^ Saturday, July 25 - Collaboration with 
other groups with overlapping interests— e.g., apparatus. 
Detailing of broad outlines. 

Monday, July 27 and Tuesday, July 28 - Generation of longer range 
piograms. Assistance to proposed writing groups at Rensselaer 
and The University of Texas. 

General Aims: 

(1) To define several ways in which physical science courses 
may be improved. 

(2) To develop some sample materials. 

(3) To formulate proposals for further work. 
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Cumaary of Group Accomplishments 



The objective of the group was to outline a course which might b« 
desirable as a formally terminal course in physical science for many 
students who may be prospective elementary school teachers, but which 
might also lead to (1} farther courses in physics of the S-curriculum 
type or (2) a second year of natural, science involving more biolosical 
or seological applications. 

« 

In addition to subject matter topics, the group considered other 
aspects of a course, cueh as pervading themes, films, collateral read- 
ings, demonstrations, laboratory, etc. Except for a few general con- 
clusions and a few ^^rticular su^estions, some of which are listed 
herewith, moat of the discussion centered around a particular outline. 
This outline was proposed by M. EMllips as a variation of a course 
outline presented at the conference by \U D. Knight, including more 
chemistry as suggested by R, C. Anderson, An expanded version of that 
outline is included herewith, both as a possible couiysp very mitch as 
it stands in skeletal form, and to illustrate problems" and difficulties 
which arise in designing an integrated interdisciplinary course. 

A decision was made that the structure of the course be decided 
on subject matter grounds, with several themec (e.g., syiwnetry, con- 
servation, etc.) to be kept consciously in mind, emphasized as appro- 
priate, but not dominating the organization of the material. 

On laboratory work, some ideas were collected on more or less 
formal exercises, but the development of sufficiently programmed take- 
home kits should be encouraged to benefit the less imaginative and 
original students. Perhaps films of the type produced by Ray and C3iarles 
Eames and shown by them at the conference might be useful in this and 
other connections. In any event, the course should be kept very closely 
related to the students, with active student participation in observa- 
tions and experiments. 

Come work was also done on the less complete outline proposed by 
E, A. tJood. . It is hoped that it may be further developed at future 
conferences. There was also discussion of the desirability of a move 
flexible course, with a core and optional units, but this project 
seemed less urgent on practical grounds. 

Copies of the outlines considered appear on the following pages. 
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A Course Outline? Suggested by Malba Phillips 

1. Start with perception, nossibly using a film. 

2. Geometrical optics, small angle approximation emphasised. 
Fermat's Principlev 

3. V/aves and light. PCCC materials useful.' ^P^^^.^^^* l^So?!di^- 
to -ratings in one and two dimensiotis, as xn basinning o. Holden- 

Gexmer film. 

It. Crystals and waves, as in Holden's book or VJ. D. knight's Expanded 
Course Outline. Look at cleavage. Unit cells, as done by Hauy. 
" Reasonableness of -uhe Bragg Law. 

5. Atoms. Descriptive chemistry, up through empirical periodic^^^^^^ 
Atoma are Daltonian, without structure. SP^ctra, ^^..^^^^^^^^.^^^^ 
of analysis without theory, as done historxcally. (3 to 4 weeks 
on this section.) 

G. Gases, ^fotion of atoms evidenced by diffusion, ^rownian Motion, ' 
even diange of state. Pressure, leading to ideas enforce, (^ee 
IJ. D. Knight* s Expanded Course Outline.) 

7. Kinematic, and dynamics of particle '^"^^i^". ^^??;jsh momer^ 
mechanical energy, pee PS3C, for example.) ^xmple harmonxc 
.tion. Gravitational forces. 3olar system and satelixte.. 
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8. Kinetic Theory. Ideal and C^V^^^itatively) non-ideal gas^ 

. Equipartition, incluc^^ng simple model of solxds. opecxfxc heats. 

\. Heat; randomnesG. First and second laws S^thermodyn^cb. 
. Conservation of energy as a generality. ^^^^^f^^J^^V,^^^ 
vanced topics; Cowlxnc. Entropy, at least qualxtatxvely. 

10. Electrostatics and magneto statics, with "^??^f'4^^.f^^^^^' 

hypo-thesis. (The Biot-Gavart Law, but no time xor the law ot 
induction or displacement currents.) 

11 Evidence for atomic ::tructure and for the quantum: electrochem- 

gas discharge, e/m experiments, spectra, photoelectrxc 
cff^t. specific heat (failure of Dulong-Petit Low), Mxllxkan 
oil drop experiment, etc, 

12 Simple Bohr theory. Periodic table, with electron, and Pauli 
PrSciple (Four quantum numbers. Angular momentum can be ob- 
tained frim the lafof equal areas. Quantize; invoke spxn as 
en^Jxrical.) 

13 De Bwlle himothecis. Uncertainty principle. (Fuzz out the 
o?bS of the'Bohr-Commerfeld picture. F.ames type film useful?) 
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[She next step presents a genuine difficulty. VJe have ail been very 
eavslier in applications to obtain chemical bonding and have been 
^ ui^leasantly reminded of this by seeing some CHEM Study films at 
this CDsfer^ce, It will take much work, but we must get more 
cleanly to the next topic] 

1*^. Chemical bonding — iisi^^^^valent, etc 

15. Carbon chemistry (rather geometrically, invoking syninetry as done 
by Pasteur-le Bel, Van»t Hoff) , leading to macromolecuies throu^ 
models, and to some aspects of biochemical elements. 
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A Course Outline Cugsected by Elizaboth Wood 



Guiding principles: 

1. To teach that science is the continuing effort of the human 
ndnd to comprehend relationships, 

2. To encourase the instructor to teach some things he especially ■< 
wants to teadi. 

3. To proceed from the familiar to the unfamiliar by way of the 
need to know* 

Useful techniques: 

1. Shelve unfinished business and return to it later in the course. 

2. UHienever possible, relate topics discussed to the students' 
first-hand experiences. 



Topics and ^rmp ^urr,^--t< '-r.^ ^^.-n i-h^ir^ i-rgatment First-hand Experiences 
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"Here is an object." 

Concept of properties of a substance. 

Measurement. 

Discover refraction and dispersion of light. 
"Maybe we^d better find out about light." 

Metals vs. nonmetals (on Ghelf) 
Polarization (symmetry) • 
Color (wavelength range) — diffraction. 
X-rays - diffraction. 

Gamma rays (on shelf) 
Gratinc spacin^j (new kind of length meas.) . 
Crystal Gtructure, 

Regularity randomness, 

Meltins and freezing. 
Heat, Kinetic Theory. 
Conductivity - metals vs, nonmetals - 
Radiation (longer a waves) (on shelf) 

"How is the [copper sulfate and alum] coming?" 
Systematic chemistry. 

Adding heat changes liquid to gas! 
Gases, Avagadro^s Number, Pressure. 
Sound, Force. Kinematics. 

Dynamics, with special attention to 
rockets and satellites. 
Simple harmonic motion. Conservation 

of Energy. t , 

Solar system. Gravitation, 



Copper sulfate and 
alum in solution. 



Experiments with light. 



Collodian replica to 
play with? 

Crystals from melt of 
rocks (made up of 
crystals) . 



Chemical experiments. 



Experiments with sound. 



Let them raise children's 
questions. 

Astronomical observations. 
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"Are thea?e other forces?" 
Electrostatic forces. 

Ionic and covalent Ixsnding.' 
Metals (the delayed ahaS) 
Mor^ about electronc: the electronic charge* 
The Faraday - Avagadro's Number - wave- 
length of X-rays - cell size interrela- 
tionship. 

Fields, currents, magnetism. 
Electromagnetic radiation. 

Electron diffraction (Davisson-Germer anecdote). 
DeBroglie relation. Photoelectric effect. 
Spectra. Energy levels. Atomic structure. 
The nucleus. Mass defect. Nuclear energy. 



Coffee-can electrometer. 
Electrostatic experis^nts. 



Experiments with needle, 
vtlve, dry cell. 
Hallwach* s experiment. 
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A Cource Outline Siiggested hy James IJemtz 
A Multi- channel Approach 

I. Symnetry 

An introduction to scientific thinking through the aesthetics 
of space and time. 

1. Geometrical optics. 

3! mematics: reference frames; special relativity; principle 

of ecjuivalence, 
U-, Chemical reactions, 

II, History 

An introduction to scientific thinking through an understanding 
of where we have been and how we have preceded (i.e.: science 
as a cumulative activity) • 

1. The Newtonian Synthesis: solar system medianics; determinism. 

2. Phenomenological chemistry: the periodic table. 

3. Phenomenological nuclear physics: the nuclide , chart. 

4. Technology and science. 

5. The gas lawc and Kinetic Theory. 

III. Continuity 

To illustrate the power and beauty of the field concept; 
action at a distance through continuous media. 

1. Hydrostatics and hydrodynamics. 

2. , The inverse cquare law; potential theory. 

3. Magnetostatics. 
1+, Electrodynamics. 
5^ Chemical thermodynamics 



IV. C^iantization 

To illustrate the development of new abstractions built on old. 

1. Music: resonance, normal modes. 

2. Physical optics: what interferes and what do we see? 

3. "article waves: what interferes and what do we see? 

Z Atomic structure - especially the blurred (i.e. .normal mode) 

Bohr model. 
5. Molecular structure and macromoiecules. 

V. Ujicertainty 

1. Measurement: statistical variation from ignorance? 

U3 
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APPENDIX B-1 

Original Proposal to the National 
Science Foundation 

November 19^ 



PROJECT p«»osM. smm $H£Er 

Thit proposal 4 s «ub«Ut«d to tho Course Contont Iisprevemont 
Smetif^n, Division of Sciontific Porsonnol snd EUlilitfeii.rtetioMi Science 
Fouhdstion. 

SUBMITTED BYs Rensselser Polytechnic Institute 

Troy, Hew York 

TITLES BEVaOPMEMT OF A COURSE IK PHYSICAL SCIERCE 

FOR NONSCIENCE HAJORS 

PROJECT OIRECTOfti Or. Lewis 6. Bassett 

Professor of Chemistry, R.P.I. 

Ashley 2-3000, Ext. 35* - Area Code §18 

STARTING DATES April I965 

DURATIONS 18 months 

AMOUNT OF SUPPORT REaUESTEO ^249,(|3S 

ABSTRACT* A progrsm is proposed to itevetop a course in physical science 
to be given in liberal arts colleges and teacher training in- 
stitutions to nonscience majors, particularly those who in- 
tend to become elementary school teachers. The program is to 
extend over a period of eighteen months including two smwer 
viorkshop sessions and one and one-quarter academic years. A 
groi^ of from fifteen to twenty scientists and educators win 
work in the summer sessions developing materials for use on a 
trial basis in a niwber of colleges in the academic years 
following the sunmer sessions. The materials developed will 
include a text for students, a resource book for teachers, a 
set of ej«periments, and a survey of available teaching aids. 
During the academic year the Director will be assisted in 
evaluation and further development by the trial teachers in 
the academic institutions in vihich trials are being held, 
and by the advice and counsel of an Advisory Board of eight 
OGMbers which includes two AssociaU Directors and r^re- 
sentative scientists and educators from educational institu- 
ions, industry and other agencies interested in the problem. 
It is the eim of the program to have materials for use in 
academic institutions available for publication at the end 
of the second sunner session. 



Lotfis G. Bassett 
Project Director 
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R.H. Hartfgan, Director 
Research Division 



5 



142 



PROPOSAL 

FOR TH£ flEV aOPHEMT OP A COURSE IH PHYSICAL SCIgMCg 
FOR NONSCIENCE MAJORS 



The Problem 

We propose to develop e new college course fn physicef science 
hevfng, es its primery goel, the sensible scientific e^etimi of 
college students who heve no current intention of tekfng scientific 
cereers. A sMond goel, which is reelly includ«i in the first but 
d^^^VB speciel mentic^, is the treining of elementery school teechers 
for the delicete tesk of drewing out the spirit of inquiry in their 
future pupils without destroying ft. 

One of the precious gifts of childhood is • driving curiosity 
about the world. The child esks^ without prejt^icei persists without 
emberessment, end* experiments without fesr. The search for truth is 
pleesent to him, end so ere the rewards of discovery. He is in these 
respects en incipient scientist. Since the instinct within him is 
elreedy strong, his teecheris problem is only to 1^ it elive in 
heelthy growth toward meturity. And the collegeU pr<*lem is to train 
people to guide the child with kmswl^ige end concession. 

The greet obstacle in the path toward these goals is a barrier 
of language. Among most scientists, including those who teach in 
colleges, the professional jargon is a mother tongue. Having learned 
it in our youth, end having used it ejcclusively in our professionel 
lives, we find it difficult to translate science into languages which 
can impart sound scientific knowledge to people whose interests and 
aptitudes are far from our own. Thus learning science from our text- 
books is, as Professor Morrison remarks, for most people like learning 
English from books on contrect law. The problem to v^ich we pro- 
pose e solution is the breaking of this pattern in a course that can 
stand alone, outside the intensive professional curricula. We ere 
looking et large numbers of students, engaged mainly in the study of 
Hberel erU, who seek a brief but yffective experience in rmturt\ 
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sef «i. Thoi« whem our unst emf u1 «ffort« meat f««ch ar« th« 
future tMchars in the elmntary lehooU* since It is only they 
Mho can gfve a now mother tongue to the next generatiwi. 

Part II of thU document U a review of the brief hiatory of 
meetli^s leading to our propoaaU Part III it a descriptiwi in 
detail of the course that mo plan to ew1ve» of the organiietlon «hich 
wefhall create for this purpose* end of cost estimates. Wi attach* 
as appendices » further documentation bearing on the project • 

Recent Sackgrotmd 

At Chicago in September I963. the Advisory Coimcil on College 
Ch»n1stry and the Comnission on College Physics celled a conference 
of about forty people — ch«nist«, physicists, and representatives 
•of state education departonents — to study the problem that now 
concerns us. The c«)f erees recoaraanded that efforts be made by 
several separate groins of scientists to create one-year introductory 
college courses confining the fundamental concepts of chemistry 
and physics. They suggested further thet close attention be given 
to the scientific educaticm of nonscience majors, including in 
particular the groap of prospective elamentary school teechers. A 
review in detail of the conference is attached as Appendix J to this 
proposal • 

Out of the Chicago conference grew a dMire among scientists 
and educators from Mew York and Pennsylvania to Implement these 
reconmendations. The group explored their resources Airing a 
regional conference at Resemont in October 1963» They also attampted 
at the time to <fe.-ine the spectrum of academic and tamperamantal 
characteristics of the students to be reached, and the features of 
a course which might excite and maintain their invol^wsent. A report 
of this conference is attached as Appendix IX. 

At a conference on physics courses for nonscience majors, held 
at Boulder in July 1964, a group undertook to create outlines for 
physical science courses. A review of their activities is included 
in Appendix ZXX. 
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An outeoM of tht RoMnont eonfftrmc mm tim fdantiffeation 
of nimft—r Polytoehnle iMtUuto w « pfoeo wiioro !o«dtrsMp Md 
facilitlos ean bo found for on onors^tfe pursuit of courso dmfop- 
raont. In Stptonisor tMMty seiontfsts* sooo of Mhom tro now 

conmitted to servieo in thm prograp« mot at Ronssofoor to form c 
plan of action. The dol iterations of this group (tonstituto oost 
of tha work loading to this proposal. 

Proposad Program 

A* Tho CoursB 

1* General Description 

The course is to be a one-year eoto'se in Physical Science for 
the nenseiei^e najor who is not planning to Uk^ additional physical 
science courses* It will introduce the student to physical pheiMSiena 
throi^h experimental activity. While it will be designed to neet 
the needs oif ^the prospective elementary school teacher* it is antic- 
ipated that it will biK found useful for a broad group of nmiscience 
majors in the liberal arts colleges* 
2* Basis of the AiH>roach 

To develop a course to achieve the goals described in section I 
of the proposal is a formidable task* There are certain restricting 
or boun^ry conditions which are definitive in determining the nature 
of the course* First i% the meager background of the prospective 
students in science and especially in mathematics. Second is the 
time (one-year) i^ich can be allotted to a course in physical sci^Ko 
Third is the rather general lack of interest in and even antipathy 
toward science frequently ejq^ressed by nonscience majors particularly 
those who ^lan to be elementary school teachers* 

With these limiting conditions in mind there are a few general 
principles which have served as guides in tt» development of the Course 
Plan which is given in the next section of the proposal* 

(a) The purpose of the course, is to develop in the student a 
sympathetic ettitude toward science and an understanding of the 
nature of physical science* of its methods and techniques, and 
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of iu faportat^ In th« toef^ty of todty future* It 
is not tho purf»oso to provide tho futuro otmntary sehoo! 
toaqhor with an orginiztd ceur$« in third-grodt tcitnco lAich 
ho can lator transaiit to third-grada pMpilt. Wo onvisa^ a 
scianea coursa* not a nathoda eourao* 

Far from aceapting a sMparf iciat viaw of scianea, tho 
studont nust axpariance a dMp involvamant with tha iwtivations* 
tachniquasf and intuitions underlying tho aceompHsha»i)ts of 
physics and chemistry. He tmat be given a chance to feel 
enjoyment in ei^erimMit end excitaimt in discovery* 

<b} Time for thoughtful observation, organixation of material, 
and absorption of ideas can only be provided through 
drastic restriction of subject matter* 

(c) Although experiment and observation are fundamental to 
the course, we cannot assune that conventional laboratory 
spa<» and facilities will be available at every college. 

(d) The treatment of every topic must teke into account the 
fact that the intellectual habits and natural tomperamants of 
many students are verbal rather than mathematical* Long 
chains of logical argument are foreign to them, as are extenM 
technical discussions whose ends are not clearly in sight. 

The prior experience that these pe^le have had with tools end 
apparatus is likely to be slight. 

Ce) Textual material for the course is to be assembled, as far 
as possible, from existing sources or pmrU thereof, connected 
into a confluent whole by as much new writing es is necessary. 
Si^plsmentery topics will 9ppB»r as separate optional chapters 
of the text. 

(f) Throughout the course, certain threads" or themes of 
inportance, which are characteristic of science, should be noted 
and erfihasized again and again* These threads are; 

(I) An appreciation in science of the beauty of order end 
symmetry, of the aesthetic choice of the most simple models 
and theories, and of the creative as well as the anelytic 
nature of scientific work. 
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(2) Th« prineiptM of constrvation of ctrtafn pHytlcaf 
quantUiM uhidi art fopHeft in umy Muctfvt ArgWAnU, 

(3) TNi aspMts of bdnvlor which m assoeiattd with 
discontinuity of ftmetions and quantization of propartiat 
in many araas of sciatica* 

ik) Tha raeognitfon of mathamtties not only at a tiot and 
tpaea-saving ayataia of notationf but mora inportantly as a 
way of rafining^ sii^lifying and ganaralisfng eoncapts. 

3* Cowsa Plan 

The plan for the course has resultod fras agraamant m these 
general guiding principles in addition to ftrther specific ones 
**ich have permeated the thinking of the group in various forms, but 
may fairly be sunamarizad as feUows. 

(a) The course should give the student a sense of participation 
in tha effort t^ understand thm physical world, a sense of the 
nonauthoritative nature of science. 

(b) The instructor should be mcouraged to teach some things he 
especially wants to teach so that his enthusiasm for the subject 
may be caught by the students. 

(c> V^ra possible one should proceed from the f«ni Her to the 
unfemi liar by way of the need to know . 

Iri order to achieve the ^ir%d freedom of choice (b, above) 
we went to create many n optional packages» of meterfel from which the 
instructor may cNjosa those that appeal to him. However, we feel 
that most instructors would feel insecure about a ^urse which con- 
sisted entirely of optional packages and, fwther, it is useful to 
have a body of basic knowledge which may be assumed for these packages. 
In other words, the course must have a consecutive, self -dependent body 
of meteHal which, for want of a better word, we shall call the n oiren. 
This material should be central to the interlocking arees of physics 
and chemistry. We have chosen as a focus of the core material the 
structure of matter , A different focus would have resulted in a 
sofoewhet different core. 
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Ttm nMd for rt^^tad rmit^erfmmt Qt m •tpvcially 
for tiM grtup m havt In nind, wUI r^ult In tht ttntefoits tut of 
two toehniquMs first, whieh ^ oall tho " Hm ft is agoino 
tachnf quo* tho ipocif <c notfeo of proviousty oneountorod phononona 
or prinelplof Mhon thoy orfto fn a ntif contoxt and saeond» tho uto 
whonavor posaibfo of ovary-day oxporloneos for If lustration ao 
that in tha yoars following tho eourso the rolnforeamwfit %fin eon- 
tlnua and physical seianeo win fona a eomfortabla* familiar part 
of tho studontis lifo. 

Bacas^o of this rodiscovaringt interlocking nature of tha 
course as we see it, we have fot^ it difficult to represent mur 
concept of it in conventional outline form. The following unconventional 
form will indicate tho direction of our thinking. 

Optional packages are indicated in parentheses* Xn a nuii)^ of 
cases 9 the « optional « refers rather to the extant of the treajcnwnt* 
Such subjects as magnetism, for example will certeinly bo discuksed 
briefly *<ith the core material. The optional package category 
refers to deeper treatment. A few samples of e>^rirooBtal matejrial 
are indicated in the right-hand colunn* I 



COUaSE PLAN 



First class session. 

Start of an experiment of long duration. 



R Here is an object, 
•bout it? 



How do we find out 



Measurament. Scale. Errors in measure 
ment. Notice ref ration of light. 
Notice dispersion 

a Maybe ii«e*d better find out mora about 
lighta. Need to know. 



MATERIALS FOR EAcii 
STUDENT FOR FIRSTf 
HAND EXPERIENCE 



Powdered substanc^ in 
jers for solution and 
recrystellization. See 
a Taka-hoiRe ejq^artmentsa 
below. Also NaCi 

Section of glass rod 



Experiments with light, 
e.g., spoon in glass of 
Miter* Many good 
experiments here* 



Light. Color* lnt«rf«r«neo« 
Diffraction* (TrantvtrM oteillatfon)* 
Grating tpaeingi a n«i# kind of tongth 
iRMsuramant* 

(Polarizad tight. Polarization by 
reft action* Mota diffaranea batwaan 
metaU and nonmatats in thia and stora 
this kncwtadga for la tar l»e. 

(Gocmatricil optics) 

(Periodic motion) (Kinetic and Potential 
energy) 

(Sound. Longitudinal oscillation)* 
(Frequencies. Pitch. Beat note.) 

Wavelei^th range of light. 

Elactromagnetic speetrun. 

How are the substances in jars coming? 
Regularity. Significance? 



X-ray diffractions see m typical 
treatinent of one topic", below 

(Crystal structure, mora extensively) 
( Symmetry^ 

Regularity and randomness. 
Halting and freezing. 
Melting pQints, boiling points. 



Concept of kinetic theory of heat. 

Kinetic energy. Here it is again". 
(Heat transfer mechanisms 
Metals vs. noftsetals. « Here it is 
againo) 

Forces betwaen particles. 
More about force because of need to know. 
Solids, liquids and gases. 
(Behavior of gases) 

(Av<^adrois number) 
Electrostatic forces 



MAT£R!ALS FOR fiACff 
STUMNT FOR FIRST- 
EXP£RI0(CE 



,$oap bibles. 

Collo<!ion grating replica? 



Prism isada with tilted 
mirror in pan of water 
giving a wadga of t#atar 

(Mirrors and lenses.) 
(Pandulun e^riments*) 



Ci/elocity of sound) 
(Pitch) 



Crystals grown in Jars* 
Crystals from laaltt salol* 
See " Chair -arm Experiments 
below 



(Experiments relating 
properties to structure) 

Minerals* rocks. 



Melting and boiling 
experiments. 

Simple heat experiments. 
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CdURSE PiAN 



Static Electricity (because of need to 
know) 

The Electron* 

Quantization of charge and light 
photoeTectrie effect 

Electricity* Electrons in notion* 
Conductivity s mate Is vs* nmmetals 
u Here it is again^e Structure 
(Further discussion of bonding forces) 
(Eloctrotnagnetisffl) 



Electrolyrls of ffater 
Confining proportions 
Chemical evidence for 
Chemical reactions 



atom* Del ton. 



Ionization* 
Shared electrois 

(niscussion of chemical bond types) 

Periodicity of the properties of the 
elements* Periodic table* 
Structure of the at«n* 
(Structure of the atom, in greater depth}* 

Significance of spectra 
(Qjuantization of energy. Hoce 
about energy because of the 
need to know} 

(Use of spectra In astronomy) 
(Distribution of elements) 

Nature of chemical analysis. 

Meaning of "organic" and » inorganic* 

substances* 
(Biological chemistry* HacremolMules.) 



MATERIALS FOR EACH 
STUDENT FOR finSf - 
H AND EXPERIENCE 

CoffM-cen electrometer 
Hallwachi es^eriment 
(UV radiation dis- 
eltarges a negative- 
ly charged electro- 
meterf but not a 
positi\'cly charged 
one) 

(Longer wavelength 
radiation discharges 
neither*) 



Simple chemical experi- 
ments* at heme* 
Familiar exanples* 
Oxidation of iron, 

significance of need 
to have water present. 



Spectra with repHca 
gratings* Sodium 
flame, neon tights, 
etc* 

Electromagnetic radiation 
« Here it if again** 

Experiments with 
behavior of plastics 
Relet ion bett«een 

Structure and properties. 
M Hera it is again" 



At this point we are concerned ebout the omission of the solar system and 
satellite kinematics as well as kinematics in general and about the omission 
of the nucleus. We hope to find the right places for optional packages on 
these subj^tf • 
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Tvpicti Tr— taent of One Topic 

Tht fitttruetor and th« ef«ss are consi^ring the substance, 
sodium chloride* The instructor displays a farse single crystal and 
cleaves it several times* The stt^u are elready familiar with 
this solid, having alrea^ grown crystals of their own. Th«y are 
reminded at this point that a crystal maintains its shape as it grows, 
suggesting to us that it builds iUelf with layers of material. Also, 
since we caimot see discontinuities in growth, the layers must be 
thin. We now SMk ways of verifying this idea. If the instructor 
has discussed waves and dlff ration pr^ieusly, he reminds his 
students of details of the diffrection phenomena. Otherwise he must 
take time to introduce the necessary parts of that dl^scussion, perhaps 
with demenst ret ions of grating and wire-mesh diffraction in order to 
cnphasiK the notion of periodicity in more than one di mm ion. 

Following up this ictea, tte class investigates optical diffraction 
by screens of several mesh sizes and \eBrn% hew to determine the 
periodic structure of the screcin from the properties of the diffraction 
pattern. Then they study X-ray patterns from sodium chloride and 
draw conclusions about the grating spacings and symmetries of the 
crystal. Finally, they study the chemical and physical properties 
of NaCl, learning h&w these are related. 

5. Experimental Formats 

If the laboratory is successful, it will bring out some of the 
art of asking sensible questions, collecting data, describing observations, 
and interpreting results. The student will have the chance to design ways 
of supporting his conclusions, working, in some cases, with equipment he 
can build himself. We will encourage him in every possible way toward a 
first-hand acquaintance with the crucial phenoo»na of physics and chem- 
istry and an appreciation of the critical role that experiment pleys in 
science. The participation in the i^ntel lectual, and even tactile, 
pleasure of experimentation is a rewarding experience. 



. 151 

It will pr^Nibly not fa* ii«c«i»«py to dovelop a Urgt ntfito- of 
iww ojcporiments for this course. Some aro svsifablo in satisfactory 
formi othars can ba raodifiad. Tha thing to invant is a variaty of 
classroom and out«of«class formats for tha laboratory. In tha following 
table, we identify six si«h formats, giving in each case an exainple of 
an experiment. 

(a) in-lab . Expwiments in this category, for reasons of economy, 
conp Heat ion, or hazard, can only be performed in the usual 
laboratory setting. Examples Electrolysis of molten NaCl. 

(b) At-home . Experiments involving little or no special apparatus, 
using materials easily available in kit form. Example* Multiple 
crystal growth. KCr(SO,»)a.l2HaO in one case, and CuSO^.SHaO ♦ 

KAl {S0„)a.l2H20 in another. (S^ below). 

(c) Chair-arm . Experiments to be done at the desk in class, using 
simple ^paratus. Examples Growth of salol. (See below). 

(d) Subgroup. Experiments done by a small groi^J of students for 
study and analysis by all. Examplei Optical, electron, snd 
microwave diffraction. 

(e) Instructor . Experiments set tip and operated by tha instructor 
for study and analysis by students. Examples Diffraction of 
light by window screen. 

(f) No- lab lab * »» Experiments" based only on tabulated data. 
Exanples Physical properties of crystals. 

It is realized that many institutions, which might wish to :ntro- 
duce the proposed course in the curriculum, would not be able to make co 
ventional laboratory facilities available, particularly with large 
classes. The use of the formats in categories (b) through (f) is, 
therefore, a necessity. To further illustrate the type of work that 
can be done with inexpensive kits and equipment, a more complete 
description of typical experiments in categories (b) and (c) are given 
below* 

At-home Experiments 

In the following three experiments, the student receives a small 
screw-capped jar containing a mixture of finely powdered substances. 
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Ukm it honwf adds waUr, shAku it until tht powdtr dissolyts, and 
thM uneapt th« jtr and Mts It en a shelf to await crystal Hzat ion, 

(1) A blue and a white powder go into solution forming a 
single honogmeous fluid. Two very different crystals then 
come out of solutions* a bright blue triclinic crystal and 
colorless cubic crystal. Copper sulfete and alys. 

CuSC«. SHgO and KAI(S04»}3.12H30 

(2) A purple and a white powder go into solution fonaii^ a 
single tomogeneoia fluid. A single type of crystal, inter- 
mediate in color between the two then comes out of solution* 
Potassiun alun ^ chrome alum. 

KAl(S0*)a.l2Ha0 ♦ KCr(S0^)a.l2Ha0 ^KCAl,Cr) (S0|»)a.l2Ha0 

(3) A white and a green powder go into solution and a brownish 
red sdisUnce comes out. Potassitan sulfate and chromic 
sulfate. K^SOt, + CraCS04,)3.5HaO ♦ ^ 2KCr{SO^)a.l2HaO 

Comparison of the results of these three experiments leads to a discus- 
sion of solution and recrystall ization, purification by crystallization, 
solid solution and chemical reaction. 

Chair-arm Experiment 

Salol, phenyl salicylate, available in most druq stores, melts 
at 42®C, and can therefore easily be melted on e microscope sHde in 
a match flame. On crystallizing it forms orthorhombfc crystals whose 
faces may be as large as 3/8 in. long. The melt supercools and usually 
has to be seeded to initiate crystallization. The crystals of course 
maintein their « diamond" shaise as they grow, a sight which carries 
convincing evidence of the orderly accretion of atoms. The w^eriment 
also provides first-hand experience with si^ercooHng. It has been 
successfully performed by every student in a class of 3k and could 
be performed in a class of several hundred, if necessary, on the arms 
of the lecture-room chairs. 
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OiittHit M«tcr4*ts 

The development of the course wilt include the production of 
materials for the use of teadiers and students. These materials will 
be developed during the working session of the sunmer of 1965 in suf- 
ficient quantity for use on a trial basis by no less than five teachers 
in liberal arts or teacher training cofles who^ have pa^rtlcipated in 
the development during the suwroer. After an academic year (1965-66) 
of trial, these materials will be revised at a working session in the 
suniier of 1966. Their publication wilt be an activity of the follow- 
ing academic year (1966-67). These materials are listed and discussed 

briefly belpw. 

(a) A text for students 

The text will. consist of excerpts from existing books, paper- 
back or hard-cover^ connected in^^o a confluent whole by as much 
newly created text as is necessary. Although one has the general 
impression that there are many good science paperbad<s these days, 
inspection of several with this particular course In mind sug- 
gests that much newly created text will be necessary. The op- 
tional material will occur la snai^ropriate position in the text, 
but each unit of it will be a separate chapter so that it may be 
camitted if desired. The books from which the excerpts were taken 
should be available for student reference as should other selec- 
ted references. 

(b) Resource book for teachers 

The development of a resource book for teachers is a diffip 
cult but essential task. It will be the document which unifies 
the various course experiences. It will provide the roadmap 
which enables the teacher to plot an intelligent course through 
a rich array of materials. In its final form, the book will 
also contain material found in the conventional teachers guide, 
e.g., problems with answers, sample quizzes and examinations, 
suggested course sd^edules, etc. 
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(c) ExperfmenUl exercises 

A set of experiment! f exercises, some taking their in- 
spiration from existing literature, some developed during the 
sunmer, will provide a storehouse of novel ideas for experi» 
ments conducted in the various fonnats previously described. 
The book must be written in sudt a manner that it wilt meet 
the raeds of both the student and the teacher. For example, 
in addition to directions for conducting individual experi- 
ments, there n^fst be general instructions for the student for 
making observations, recording data and reporting results and 
conclusions. Also the range of experiments presented must be 
sufficient to permit the teacher some flexibility in choosing 
material suitable for his particular needs. 

(d) Otftfcr teadifnq aids 

A criticral review will be macte of the numerous instructional 
aids which are now available to the teacher. Lists of recommended 
films and film strips, programmed instruction manuals, demonstra- 
tions and materials for overhead projection, etc. will be compiled. 
These lists will be compiled by evaluating existing sources, and 
will not involve a major creative effort in the summer session. 
The group charged with these tasks should also determine, however, 
how these aids fit into the remaining structure of the course, 
and make reconmendations on what additional aids may be needed to 
amplify the treatment of certain topics. 

8. Organization of the Project 
I . Sdredule of Activities 

A chronological schedule of activities, follc^^ing the initia- 
tion of the project, is outlined here and further discussed below, 

(a) A planning session of an Advisory Board (spring I965). 

(b) A working session in the stwrner of 1965* 

(c) Activities during the academic year 196S»66. 

(d) A working session in the summer of 1966. 

(e) Summer Teacher Training Institute^ I966 (separately funded). 

(f) Meeting of Advisory Board (fall 1966). 

^2s 
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2. Thft Advlterv So^N 

■me experience of otiier educatloBil research program* of this 
type has shown the acMsabdfty of an Advisory Board made up of 
aclentists, teadiers and educators. The Board irtll hold six to 
eight meetings at regular Intervals during the duration of tiie pro- 
ject and advise the director on planning initial activities, evalu- 
ating progress, and suggesting future activities. 

A Board of sight meinbers is proposed. The following persons 
have igree«i to serve in the positions indicated. 

(1) Director - Lewis G« Basse tt. Professor of Chemistry, 

Rensselaer Polytechnic Institute. 

Officer (1^3-^6), Manhattan District, Corps of Engineers, 
AUS, (Researdi Engineer). 

Scientific Editor (1958), United Nations, in the publics- 
tion of the Proceedings of the Second United Nations Inter- 
national Conference on the Peaceful Uses of Atomic Energy. 

Leader (1960-63), R,P.l. ^>itot program for revision of 
0eneral ch&nistry «Hirse. 

Editor and co-author (1962-6^), • 'Principles of Chemistry" 
now in publication with Prenti<»-Hall, Inc. 

(2) Associate Director - Elizabeth A. Wood, Research Physicist, 

Bell Telephone Laboratories, Murray Hill, 
N.J. 

President (1957), American Crystallographic Association. 

Adjunct Professor of Physics (1963-), Fairleigh Dickinson 
University (Madison campus). 

Author, "Crystal Orientation Manual" (Colunbia University 
Press. 1963), "Crystals and Light - An Introduction to 
Optical Crystallography" (D. VanNostrand Company, 196^;, 
and a color sound film "Crystals- An Introduction". 

(3) Associate Director - Robert I. Sells, Chairman, Physics 

Department, State University of New York 
College at Geneseo. 

Director (1959-63), NSF Summer PSSC Institutes. 
Chairman (1962-), High School Awards Conmittee, AAPT. 
Member (196^*-), College Proficiency Examination Committee, 
University of the State of New York. 
American Institute of Physics Regional Counselor for New 
York State. 

Co-author, "Elementary Modern Physics", Allyn and Bacon, 
I960j "Elementary Classical Physics" (2 volumes), Allyn 

129 
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ih) A RepresanUtfve ef tht 0offiRtf$sfon on CofIe9e ^ysfes- 
Robert Resnfdc, Professor of Physfesv Renssefeer* 

ftember i\$60m), on Executive Board i\S6Q^$k), CCP. 

Of rector (1958*) of a mmber of NSF-sponsored sunmer 
programs at Rensselaer for the development of apparatus 
and denonstratfon experfnants fn physics. 

Director (1958<-^}, R.P.I, pilot progr«B for revision 
of general physics courses* 

Co-author, iiPhysics for Students of Science and En- 
gineering* John Wifey and Sons, I960 and 1962. 

On leave of absence at Harvard, acadonfc year T96ff-6S. 

(5) A Representative of the Advisory Cminclf on College 
Chemistry- 

C. C. Price, Chairman, Department of Chemistry, 
University of Pennsylvania 

Chairman, ACCC, 

President (1965), American Chemical Society. 

(6) A Representative of Industry- 

Alan Kolden, Research Chemist, Dell Telephone 
Laboratories, Murray Kill, N. J. 

Member, The S curriculum project. 

M«nbcr, Advisory Board of the Texas project for the de- 
velopment of a physical science course for nonscience 
majors. 

Author, ''Crystals and Crystal Growing M, Ooubleday 
Anchor Book; » 'Conductors and Semiconductors «», Bell 
Telephone Laboratories, 196«*| and two PSSC films. 

(7) A Representative of the New York State Department of 
Education - 

Frank R. Kille, Associate Commissioner for Higher 
Education. 

Dr. Kille is a zoologist. He has served on the faculty 
at Swarthmorej he was for eleven years Dean of CarTeton 
College, Minnesota j he has occupied his present position 
since 1958, 

(8) A Representative of the American Association for the Ad- 
vanc«nent of Science - 

Arthur H. Livermorc, Deputy Director of Education 
for AAAS, 

Dr. Livermore is on leave from his position as Professor 
of Chemistry at Reed College. He is also a member of the 
Advisory Board for the Texas project. 
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3. WerMng Groti^ - Summer 196S 

Xn the 8-*«ek sutmer sa$«fen of 19^, ^ working group will have 
the respofwfbnUy of emfshasizlng and organizing the fdea$ which wilt 
make possible the development of the course. During this period, also, 
written material for tlw course will be developed in sufficient detail 
and adequate form so that it may be used on a trial basis in a number 
of teacher training institutions during the following academic year 
(1965-66). Among the participants (see below) in the surmar session 
are teachers in such institutions so that a trial seems assured in a 
mmber of institutions in the Northeast and the West* 

The working group will be divided into four subgroups, each having 
the responsibility of developing the material for one of the types of 
activities listed in section A-6. Each subgroup will have a leader. 
Professor Sells of Geneseo will lead the group developing a text for 
students; Professor Bunce of Rensselaer, the group developing the re- 
source book for teachersj Dr. Wood of Bell Laboratories, the group de- 
veloping experimental exercises-, and Professor Eppenstein of Rensselaer, 
the group evaluating and developing other teaching aids. All groups 
wilt meet together two or three times a week for correlation and inte- 
gration of ideas and efforts. 

Although a precise listing of the personnel of the summer session 
is not possible until a firm commitment can be made, a considerable 
number of persons have expressed an interest in participating if finan- 
cial and living arrangements can be arranged. Among these are four mem- 
bers of the Advisory Board: Professor Bassett of Rensselaer, Professor 
Resnick of Rensselaer, Dr. Wood of Bell Laboratories and Professor Sells 
of Geneseo. In addition to these, the following persons arc listed. 



S. C. Bunce - Department of Chemistry, Rensselaer 

Prof. Bunce has been for several years the Director 
of the NSF-sponsored Sumrer Institute In the J*«tu- 
ral Sciences for Secondary School Teadiers and has 
taught the first chemistry course in that program. 
He has been active in tfie revision of the genera! 
chemistry course at Rensselaer and Is a co-author 
of the text » 'Principles of Chemistry" now In pub- 
lication by Prentice-Hall, Inc. 
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Department of fHtysfeSi SUNY Geneseo 

Hr« Carfyon has been a hfgh school scfenea teacher 
for a number of years. During that time he has ac* 
qufred a Master of Science for Teachers (N.S.T.) 
degree frm Cornel! and has taken summer prepare* 
tion courses for teaching PSSC physics, CBA chemi- 
stry and CHEH study diemistry, aff three of which 
he has taught in high sdieof. During ttm present 
year he is at Geneseo teaching eteraentary physics 
(PSSC) and physical science. 

Department of Chemistry, Yale University 

Prof. Cassidy, vihose tedinicaf field is adsorp- 
tion and chromatography, is also active fn the 
interpretation of science to the layman. He is 
the author of '(Science and the Arts**, 1962. 
He teadies a ^urse at Yale in science for stu- 
dents in the humanities. 

H. R. Crane - Department of Physics, University of Michigan 

Prof. Crane Is an experienced teacher of physics 
for nonscience majors. He is imaginative and cre- 
ative in designing experiments and probf«ns for 
sudi a group. 

Philip Dilavore - Departo«nt of Physics, University of Michigan 

Mr. Dilavore Is a high school physics teacher who 
is just getting his Ph.D. in physics at Michigan. 
During the 1965-66 academic year he will be vtork^ 
ing in education and physics at the University of 
Maryland. 

W. E, Eppenstein - Department of f^ysics, Rensselaer 

Prof. Eppenstein is a leader in the developrwnt 
of visual aids for science education. He has been 
a member since I960 of the Visual Aids Committee 
of AAPT, He has been a co-director with Prof. 
Resnick in NSF-sponsored summer programs for the 
development of apparatus ami demonstrations for 
college physics. He has also been an assistant 
director with Prof. Bunce fn the Suniner Program 
in the Natural Sciences for Seosndary School 
Teachers. He is th^" author of « 'Physics Series 
Overhead Transparencies* », Text-Film Division, 
McGraw-Hill and co-author of » 'Analytical 

Laboratory Physics'*, J, W. Edwards, 1956 and 1959. 

T, 0. Goldfarb - Department of Chemistry, SUNY, Stony Brook 

Prof, Goldfarb has been working with Prof. Clifford 
Swartz of the f^ysics Department at Stony Brook in 
planning the development of a content course fn 
science directed at Elementary School Teachers. He 
attended the Rensselaer conference in September. 



Earl Carl yen - 



H. G. Cassidy - 
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0. F. Ho1c«* . 0«p*rte»nt of Phyiics, Cornttt 

in cooptrttfon wfth Prof. Phi tip Korriton, Prof. 
Hel^hM d««fgn«d th« phyttcal scfenoi ceurte 
for nontcfenw wajort tiiit h* twchai at Cornell . 
He hM mede valuable contrfbutlona at the Boulder 
and Renisalaar confarancaa. 

H. B. Hollfnger - Department of Chemistry, Reniselaar 

Prof. Hoi linger has been active in the revision of 
the general diemistry course at 
a oj^iithor, with Prof. Bassett and Prof. Bunco, 
of the text » 'Principles of Chemistry" now in pub- 
lication by Prentica^all, Inc. He it 
ber and active participant in the program of the 
Hew England Associations of Chemistry Teachers. 

J, I. Katz - Department of Physics, Rensselaer 

Prof. Kat2 is a respected research crystallo- 
grapher. He has also been active in developing 
and teaching the general physics courses at 
Rensselaer. In addition he has been effective in 
presenting lectures in science to large groups of 
high school students. 

N. J. Kutzman - Oepartoient of Physics, Montana State College, Bozeman, Hon. 

Prof. Kutzman is Director of the Visiting Scientists 
Progrm for High Schools in the State of Montana. 
He has had considerable experience at Montana in 
teaching physics to nonscience majors. He feels 
that the proposed combined course in physical 
science is more appropriate for his group, many of 
whom become elementary school teachers. He wants 
to work on the production of this course and to 
try it out in Montana. 

H. M. Landis - Department of Physics, Wheaton College, Mass. 

Prof. Landis has taught physics both in school and 
• women's college. He is interested in the ^^^^iT 
ment of this course for use in the department v^iich 
he heads at Wheaton. ^ 

Kent Lawson - Department of Physics, Bennington College 

Prof. Lawson is a teacher of physics in a college 
which puts strong emphasis on the arts. He is ex- 
perienced in winning the interest of disinterested 
students. 
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P* IteltMf s - Otpartiatnt of Phytfctt f{*AM«lMr 

Prof. Hefners has been efcsely •ssoefeted wf th 
Prof. Resntek end Prof, Eppenstefn In the NSF 
educetfonef programs mentioned ebove. In addf- 
tfon he was the Director of the N$F*sponsored 
Satellite Fffni Projeets (I9S7-I962), He is 
Editor end Co«Oi rector of Reference Source on 
Demonstration Experiments in Physics* and co- 
author of ••Anafytica! laboratory Phys{cs<*. 
J. W. EdMards, 1956 and 1959. 

A. J. Read - Department of ^ysics, SUNY Oneonta 

Prof* Reed ettended the Rosemont eon^renee. He 
wishes to hsve a part in the devetopment of this 
course for possible trial with his students at 
Oneonta. j 

R. K, Rfdsert - Department of Physics, Westchester State College* Pa. 

Prof. Rfckert also attended the Rosemont o>n- 
ference. His interests and plans are similar 
to those of Prof. Read above. 

James vWerntz - Department of Physics, University of Minnesota 

Prof. Werntz is the f ether of four children. 
Perheps this explefns why he hes been active in 
the organization of the Hinnemest project to de- 
velop science materiel s for elementary school 
drildren. This project finds that teacher train- 
ing is rwcessary for the effective use of these 
\ materials. He wishes to participate in the Rens- 

selaer program and assist in filling this need. 

Ja/ Young - Department of Chemistry, King's College, Pa. 

Prof. Young is a meirfjer of the ACCC. He has long 
played an active part in the activf ties of the 
Division of Oremical Education of the American 
Chemical Society. He attended the Rensselaer con- 
ference in September, He is interested in playing 
a part in the development of this course for pos- 
sible trial with his students at King's College. 

The fractions in the right-hand column indicate a mininam esti- 
mate of the fraction of time which may be devoted to the 1965 summer 
session by those who cannot be present full time. Further recruitment 
of personnel is necessary and is in progress. 
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Three types of activity wit! continue during the eeecSemIe year 
1965-46 In the Interim period between the two sunmer »e$»loni. 
(t) Triel of meterlel In five teaching Inatltutlons by five 
teachers who participated In the sunwer session* 
<2) Four sessions (two each semester) of the Advisory Board. 
The five trial teachers will meet with the Board during the 
sessions. These teachers will continue on this project during 
the academic year on a consuftMit basis. 

(3) It Is anticipated that the development started during the 
first sunmer can profitably be continued tiirou#i the following 
scadonfc year by eight to twelve people working at Rensselaer 
or at their own Institutions In en emouat e<H«lvalent to three 
fMit-tlme workers. 

5. Working Gro up - S«iiner 1966 

A smaller group {M, made up largely of participants In the 
sunner session of 1965, will work for a similar average period of eight 
weeks during the summer of 1966. The task here wilt be to review the 
results of the trials of the preceding academic y«er, to revise and am- 
plify the course material where necessary and to put the materiel in 
iTK>re permanent form suitable for future publication. 

6. Meeting of Advisory Bo ard ( Fall 1966) 

After the second suwner session, the achievements of the progrem 
will be evaluated by the Advisory Board. The preparation of a final 
report on the program will be a major task in which the assistance of 
the Board will be invaluable. 

7. Sumner Teacher Training institute (1966) 

The possibility of conducting a Training Institute at Rensse- 
laer or some other Institution during the summer of 1966 for future 
teachers of the course is being investigated. This would be a sep- 
arate project. Mo planning of content or estimate of cost for It 
Is Included In this proposal. 
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CoopapatloB with Other ^oeiwfgt 

We fnund to mafntafn cooperation with « mii^tr of groups who 
•re engesed fn the cfevelopment of sofenee iMteriaft for etenentary 
sdiQoU or fn the ereatfon of eoffege courses i^tdi have ^als sfrnf* 
lar to ours. One such group f s the American Assoefatfon for the 
Advancaoent of Sefenee| ft Is represented on our Advisory Board 
through the person of Artitur Llvermore. The MIreiemast project, 
ta^leh Is attempting to develop fsoth etementary school science na- 
terlals and preservl^ teacher training courses* has shown consider- 
able Interest In our proposal. James Werntz, science director of 
HInnemastf has attended Mme of our planning sesslom arid has agreed 
to continue to serve In a consuftant capacity* tWo of our Advisory 
Board members also serve ^n the Steering Coflitilttee for ^e University 
of Texas project, a separate effort Interring to produce a resource 
book and laboratory exercises for s physical science course. We al- 
so Intend to establish contact wl0^ the Educational Services Incor- 
porated elementary science service and film studio. 

€• Working Envfrofwent 

The results achieved by the members of the working groups In 
summer sessions will depend to some extent on the environment pro- 
vided for them by the host Institution, In this case Rensselaer 
Polytechnic Institute. Three aspects of this envlrorenent are of 
particular Importances (!) the Intellectual and educational back- 
ground of the fni.tltutlon, (2) the physical facilities which may 
be made available In the Institute plant, and ^3) the- recreational 
and cultural opportunities, which are available In the surrounding 
countryside to the workers and their families. 

Rensselaer has long been known as a major Institution for edu- 
cation In science and technology. It Is not so well known that It 
has also a considerable background in educational research and ex- 
perimentation. A list of current and recent educational research 
programs as Rensselaer, given In Appendix IV, Illustrates this point. 
This list was prepared by the Office of Instltutlowl Research which 
Is an Office of the Administration which was organised to promote 
and assist the faculty In developing educational research progrwns. 
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' Physical ficlHtfes (offices, conference roomi, thopi, etc.) 
•re «v«{!ib!e for the summer sessions fn the new garters of the 
Physics Department In tiie adjoining Rowland and Jonison Uabora- 
torles on the Rensselaer campus. A detailed description of these 
facilities will be found In Appendix IV. Hcusing for visiting par- 
ticipants and their families Is available In dormitory rooms with 
private bath. In nearby motels, and In furnished rental apartments 
In the vicinity. TTie Housing office of the Institute Administra- 
tion Is well equlf^d In knowledge and experience to assist visitors 
In satisfying their housing needs. 

Troy Is situated In the metropolitan center of the Capital 
District. It Is also close to the resort areas of the Berkshires 
and th? Adirondacks. Excellent facilities for golf, tennis, swim- 
ming, camping and hiking are available in Troy and the vicinity. 
Cultural activities in the area are listed in Appendix IV. 
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0. Cost Estiftiate (Hay t, !96S - October 31. t966) 
Salaries and Consul tfrw Fees 

1. Equivalent of 3 full -time persons for one 
academic year, including the Director at 

f A time. I 40,500 

2. Consulting fees for 5 teachers for 20 days 
per academic year (excluding Advisory Board 

«tee tings) at |50/day 5,000 

3. Consulting fees for visiting expert* at |75/day 1,500 

4. Summer Conference - 1965 

18 persons at an average of |l500/mo. for two 
months 54,000 
5* , Summer Conference - I 966 

14 persons for two imsnths (swne average salary 

as above) 42,000 

6. Director's secretary (1-1/2 yrs. at $4000/yr.) 6,000 

7. Equivalent of 2 typists for 1 year at $3200/yr. 6,400 

8. Two laboratory technicians (graduate students, one 
in physics and one in. chemistry) at J300/mo. for 

15 months 9,000 

Travel and Subsistence 

1. Advisory Board 

8 members x 6 meetings (average $100) 4,800 

5 science teachers x 4 meetings (average J 100 

travel + $30 subsistence). 2,600 

2* Summer Conferences 

1965 - 14 conferees x (JlOO travel + f3G0 dis- 
location allct;ance) 5,600 

1966 - 10 conferees x (^100 + ^300) 4,000 

3. Travel - c<»«nuni cation and cooperation with 

other agencies 2,500 

Supplies, Services. Preparation of Reports, etc. 

1. Development of experimental materials, sunmer sessions. 
Services of machinists, draftsmen, audio-visual per- 
sonnel, etc. 8,000 

Materials and Supplies 6,000 

2. Development of experimental materials, ^cademlc year. 
Services and supplies. 6,000 

3. Published books for «5nferees and students in trial 
classes l,S0O 

4. New written materials, docurents and reports 5,000 

5. Experimental kits for students in trial classes 5,000 
Cririrtinications (telephone, correspondence, etc.) 1,500 
Total Direct Costs 216,900 
Indirect Costs (15%) 32,535 

Total $ 249,435 
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Most of the Items in the Cost Estimate are self explanatory, but 
&cii\e require further explanation as follows: 

Salaries and Consulting Fees 



Item 1: 



Item 2: 



Item 3: 



This item provides for 3 persons at R.P.I, and 9 persons at 
their home institutions (12 total) releaied l/** of their 
academic time for one academic year at an average academic 
year salary of $13,500. Persons away from R.P.I, may be 
treated alternately on a consulting basis or released time 
basis, depending on circumstances and time given, to the pro- 
ject. The actual calendar time would be the academic months 
from May 1965 through October 1966, but the equivalent time 
^s listed for one academic year. 

This item provides some renumeration for the trial teachers 
who would probably carry out this activity in addition to 
their xregular acad^nic duties. 

This item, based on f75 per day, is a daily rate equivalent 
to I 1500 for a working month of 20 days. The $1500 per 
month is based on 1/9 of an average salary of 
academic year. 



113,500 for an 



Tr avel and Subsistence 

Item 1: In this item the ave^rage allowance for the trial teachers who 
attend Advisory Boar^eetings ($130) is higher than that for 
Board members ($100). Hhere are two reasons for this. At 
least two of the Board manbers are local and will have no 
travel expense; and the Dir^tor may occasionally wish to keep 
a teacher an extra day for disiqjssion of his program. 

Item 2; Travel and subsistence are not required for conferees from 
R.P.I. There wilt be at least four of these in each summer 
session. 

SuppHes« Services, etc. 

Item 3: A library of books, largely paperbacks, will be necessary 
for the use of the conferees. A number of copies of each 
will also be necessary for reference by the students in the 
trial classes during the acadonic year. 

Items k Each teacher of a trial class will be supplied with sets of 
and 5: the written materials developed during the summer session 
for use by his students. The same is true for experimental 
kits. 
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auestions to Je&t Backgrounci of Students in Physical Science Courses 



To the Student *. These questions are being ^iven to you by your professor in 
cooperatfOfTwTth a group of people who are about to design a new course in Physic 
Science for noft^cience majors. In order not to make the course too hard or too 
easy we need to have on record some information about the background preparation 
of students who take such a course. We are very grateful to your professor and 
you for giving us this information. If you have any suggestions or comments that 
you think would be useful to us, please add than at the end- 
Whenever you don't know the answer, leave a blank. 

A.' Vocabulary ; Tell as briefly as possible what each of the following means to 
t. horizontal ^ 

2. vertical 

3. linear relationship 
k. ch^lcal compound 

5. viscous 

6. permeable 

7. normal to 

8. precipi tat 3 

9. convex side 

10. a thermal effect 

11 . s i ne 

12. cosine 

B. Mathematical background ; 

1. Express each of the following in some other way. 
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b. 



10 



e. 



1/2 



c. 



3.251 X 10^ 



2. 



V/hat is the value of x in the following equations? 



a. 



2x 



d. / X + 6 = k 



b. |x = 4 




3+x 
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\ 



ft 

N 



Q 

Plot the values g{veii in the table 
on the grid sht^ to the right 
and connect the plotted points 
to give a graph. 



X 


l.y „ 


X 




0 


2.0 


7 


-ii 


1 


A.O 


10 


9.8 


2 


5.0 






5 


7-5 







Express the foUowi^ functions of 
a in terms of and ft: sine, 

cosine, tangent, cotangent 



10 



8 

6 

k 
2 



2 ^ 



6 8 



10 



C . Ob ser vat fon t Which weighs more, a pint of milk or a pint of cream? 

How do you know? 



D. Interest ; Check the phrase or phrases that describe how you felt about this 
course before beginning it. 



1 was going to enjoy it and do well in it. 

I might enjoy it but not do well in ft. 

J would dislike it, but do pretty well in it. 

1 would dislike it and do badly in ft. 

It would be useful to me in my future work. 

It probably wouldn't be useful, but since it was required there must 
be some purpose in it. 

It probably wouldn't be useful but taking it would be worthwhile for my 
genera! background as a person. 

I couldn't see how it could be useful and therefore thought taking it 
was a waste of time. 



PUASE ADD ANY COMMENTS YOU MAY WISH TO MAKE ON TME BACK OF EITHER SHEET. 
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INFORMAL REPORT OP THE PSNS ADVISORY BOARD ME2TIN0 

November 26 and 27* 1965 

at the American Institute of Physics, New York City 



Presenti L. G. Bassett, A. N. Holden, C. C. Price, H. R6snick,M; 
R, L. Sells, A. A. Strassenburg, and, aa guests on 
November 26, R. Rickert and R. Sakurai, 

Absent I F. R. Kille, A. H. Livermore. 



This report will not be in chronological order, 
as proper minutes of a meeting would be, but will be a 
record of notes on the meeting. 

Decisions concerning future plans on which the 
advice of the board was sought and agreement was reacned 
will be preceded by an asterisk. I would especially apprec- 
iate your directing your attention to these points dmiletting 
roe know if you think I have misinterpreted the advice of the 
board . 

A report of the present financial status of the 
Project was given by Bassett. Although cost of equipment 
and of production of written materials for the current aca- 
demic year exceeded the amount aHotted in the budget, cost 
of services and supplies during the summer of 19^5 was 
appreciably less than anticipated. Total expenses for the 
period covered by the first part of the grant have been 
slightly less than anticipated, and those for the second 
period of the grant may be slightly more. The second 
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pan of the grant has been allotted in full and is available 
for use at RPI. 

Cost of equipment for the current academic year 
will average about $15. per student. A list of 41 people 
who have expressed an interest in the course was distributed 
by Bassett. 

*It was the consensus of the meeting that the num- 
ber or colleges trying the course during the academic year 
1966-67 should be limited to those for whom the Project 
could afford to supply equipment. This would probably mean 
a number less than 20, /s During this academic period students 
snouid be asked to buy the text material. Teachers wishing 
to try the course during the academl- year I966-67 (except 
those now trying ti^e , course who wish to repeat it) should be 
required to agree to the following conditions i 

1. The course, including experiments, would be 
taught over a full academic year, 

2. The instructor would agree to come to RPI for 
a two-week briefing session August 23 to September 3, 1965. 
His traveling and subsistence expenses would be paid by the 
Project, but nc stipend would be paid to the instructor. 

A brief report of last summer's writing conference 
was given by Wood. In addition to writing the chapters which 
are now coming out, each of which turned out to be one 
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person's responsibility primarily, the staff reviewed and 
evaluated a large number of films. A list of films recom- 
mended for use with the course and designated for use with 
particular chapters was supplied to instructors. Trial of 
some of the experiments by students at Geneseo was very 
helpful. Pressure of the close deadline for trial during 
1965-66 was probably more beneficial than detrimental to 
the success of the summer session. 

Specific criticisms of text material were made 
by Holden, who felt that the headings listed in the Table 
of Contents were cut >■ and uninformatlve, and by Strassenburg, 
who felt that Chapter 4 failed to carry through on some of 
the important points that it almost, but not quUe, made. 

Discussion of films included a suggestion by 
Resnick that we make a wider survey of available films. In- 
cluding some Canadian ones, and that someone be assigned to 
"line up films" to be considered this summer in advance of 
the opening of the summer session. The Chemstudy film on 
crystal structure was recommended by Price, Holden suggestec 
the possibility of using films during briefing sessions or 
Teachers Institutes to suggest good teaching techniques by 
example , 

♦It was agreed that the production of films should 
not be undertaken by the PSNS Project either under the present 
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grant or in the period to be covered by the next proposal, 
which would presumably terminate October 1, 1968. It was 
jrecommended that suggestions be given to Don Herbert for 
desirable films and that he be asked whether kinnies of his 
television programs are available and on what basis. 

The question of evaluation of the course was dis- 
cussed and the advisability of asking the help of a pro- 
fessional evaluation service was considered. Betty Wood 
was asked to discuss with Professor Zacharias his experience 
along these lines (this has now been done and the result is 
that he feels an organization such as ETS is useful for 
printing examinations which we design and grading them. 
Grades arrange stufiffits in a one-dimen&ional array. What 
they derive from the course is not expressible in a one- 
dimensional array. Evaluation is something we don't know 
how to do. What we do know is that students who have done 
some things can then do other things better than they could 
before) , 

♦It was felt that the Project is not yet ready 
for a publisher. Lew Bassett was asked to investigate the 
abilities of printers in the Albany area to handle a somewhat 
enlarged printing of text materials next summer. 

*!rhe handling of equipment supply, on the other 
hand^ should be placed in the hands of professionals as soon 
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as possible. Betty Wood volunteered to contact equipment peo- 
ple and arrange for bids for handling supplies for the 

academic year I966-67. 

*It was felt that the time had come for issuing 
the first newsl'^'-ter about the Project. This initial letter 
should ue one appropriate for use \n answering the many 
letters that are coining in asking for information about the 
Project and the possibility of uf '.ng the course in the near 
future. Betty Wood volunteered to produce the first draft of 
such a letter for approval by Lew Bassett, Duke Sells, and 
Arnold Strassenburg. 

Reports of current use of the course were given 
by RiBsell Rickert and Dick Sakurai, who brought written 
notys for distribution to the board. These will therefore 
not be included with this report, but notes from Earl Carlyon 
are included herewith. 

Reports of the FSNS Project will be given by 
Bassett and Wood to meetings of chemists and physicists 
respectively this winter. 

♦It was agreed that the following meetings should 

be arranged I 

1, A meeting of trial teachers on January 27, 1966 
in New York City for the purpose of exchanging ideas and discus 
sing experiences they have had with the course. 
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2. A meeting of the 1966 summer staff very early 
In the spring, probal)ly in April. 

3. A feedback session for the trial teachers at 
RPI during the first week or two of the Project. This ses- 
sion would last from 3 to 3 days, and its results would 
form a basis for revising the Main Stem material of the 
course. It was suggested that H, M. Landis be in charge of 
this session and of the analysis and organization of the 
results of this session. 

It was announced that Arnold Strassenburg had 
agreed to act in thR capacity now filled by Betty Wood for 
the period of the Project for which an extension proposal is 
about to be made, namely October 1, 1966 to October 1, I968. 
He distributed a suggested outline of a proposal covering 
this period. 

♦The outline, entitled "Suggestions for activities 
prior to and during a two-year extension of PSNS grant," 
which was distributed by Strassenburg, received the general 
approval of the board. 

*The following list of people who were PSNS stafX 
members last summer were approved by the board for our invita- 
tion to participate in the Project during the summer of 1966. 
In addition, it was suggested that an attempt be made to enlist 
those people whose names are marked with an asterisk at the 
end of the list. 
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Banewicz 


- 


flul time; 




(a. 


Bassett 






Rickert 




Bunce 


(h - 


half time) 


Sakurai 


f f\ 


Campbell 


(h) 




Sells 


(f) 


Carlyon 


(f) 




Smith 


(f) 


Land is 


(0 




Westnseyer 




Racster 


(f) 




Wood 




Read 


(f) 









eighth time) 



♦Don Holcomh (as fully as possible) 
♦Dick Crane (as fully as possible) 
♦Melba Phillips (as fully as possible) 
♦Tom Lippincott, Ohio State 
♦Richard Yalman, Antioch 
♦(Two others to be suggested by Price) 
♦Walter Qensler 
♦Ted Banfey 
♦Joe Levinger 



♦Bill McConnell, Webster College (Walton says he'd be good 

at revising Main Stem) 
♦Fred Tabbutt (Reed; 
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INFORMAL REPORT OP PSNS ADVISORY BOARD 
MEETING OF mKOK 11 AND 12, I966, AND OF SUBSEQUENT ACTIVITIES. 



Present: L. G. Bassett, A. Holden, M. Boyd (for F. R. Kille), 

A. H. Livermore, R. Re snick, A. A. Strassenburg, 

J. H. Werntz, E. A. Wood. 

Absent: C. C. Price, R. L. Sells 



The following colleges were approved by the Board 
as Trial Colleges for the academic year 1966-67, in some 
cases with the proviso that they limit enrollment to less 
than that mentioned in their applications: 

Arkansas State Colleg^^ Meramec Community College 

Bloomburg State (Pa.) Harford Junior College 

Fairleigh Dickinson, Madison, N.J. Nassau Community College 

Colorado College Newark State Teachers College 

College of St. Benedict Catholic Diocese of Brooklyn 

" (in-service) 

Since the meeting, several additional collegos have 
been accepted, to bring the number of students approximately 
to 2000, the number v/e think we can handle, provided the 
grant requested for the next two-year period is approved. 
The letter sent to each college informed them of the neces- 
sarily provisional nature of our commitments. A copy of one 
such letter is enclosed h-re/Jith. 

Applicants that are now being turned away are being 
encouraged to apply for participation during the a^cademic year 
1967-68. A copy of a letter to one of these is enclosed here- 
with. 

The complete list of trial colleges as it now 
stands is enclosed, as well as a map shewing their geographic 
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distribution. Pertinent information tabulated includes the 
year of trial. The I965-66 colleges are thus included, whethe 
or not they plan^o repeat the course . in I966-67. 

Your attention is called to the fact that the 
University of Texas is now one of the 1966-67 trial colleges, 
thus filling the need for a large state university. 

The second item of business was to consider poten- 
tial equipment suppliers for I966-67. During the meeting 
conflicting opinions were expressed concerning the reliability 
of Macalaster. Alternatives favorably mentioned were Will 
Corporation and Damon Educational. After the meeting further 
adverse reports concerning Macalaster and favorable comments 
on Damon from SSI sources resulted in a visit to Damon ^^y 
Betty V/ood on March 22. She was favorably impressed not only 
by the ability of Arthur Vash and Wesley Perry to understand 
what we are trying to do and their willingness to handle soda- 
straw and rubber-band Items, but also by the suitability of 
their physical plant for our job. 

Duke Sells and Karl Carlyon visited the Will Corpo- 
ration and found that they were not interested in providing 
the PSNS oquipm^^nt. Accordingly, with the approval of Lew 
Bassett and Duk^; Sells, Betty Wood notified Arthur Vash on 
April 11 that we wanted Damon Educational to handle the job. 

On April 22 Arthur Vash and Wesley Perry will meet 
at R.P.I, with Lew Bassett, Duk- Sells, Karl Carlyon and Betty 
Wood to discuss as fully as possible the equipment plans for 
1966-67 and get Damon started on some items we are sure to want 



A third item of business at the meeting was the 
Proposal for continuing support of the Project for the period 
October 1, 1966-October 1, 1968. This was presented by 
A. A. Strassenburg who will be an Associate Director and 
Chairman of the Advisory Board for that period. The plans 
include extended trial during the winter of I966-67, with 
the Project still supplying equipment and subsidizing texts, 
further revision of materials during the summer of 19^7, a 
very much extended "trial" of the course (essentially open 
to all applicants) during I967-68 and preparation of the 
"final" form of materials for a publisher during the summer 
of 1968. A separate grant for an eight week Teachers' Insti- 
tute during the summer of I967 will be requested. It ic not 
properly part of a course devaloprncnt project. 

The question of evaluation was discussed. There 
was not general agreement concernlns the valu-.! of testing to 
determine the extent to which the Project had achieved its 
objectives. However, the Board was not opposed to requesting 
the assistance of a professional testing organl tlon In 
evaluating any change in attitude on the part of the students. 
Subject matter testing is to be the responsibility of the 
PSNS staff. J. Werntz recommended that any attitude test 
be sent to the members of the Advisory Board so that they 
might guess what answers the students would give at the time 
the test was administered (before, during and after the course). 
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He anticipated that the Board would be able to guess the 
average results of the tests, thus indicating that t^e 
expense of designing and administering them was an unneces- 
sary expense. 

A. Holden suggested that enlisting a chemist from 
Geneseo for the PSNS staff might result in adoption of the 
course as a full-year course there, rather than a half-year 
course, taught only by the Physics Department as it is at 
present. (Duke Sells has now been consulted on this point. 
The science requirement at Geneseo is two semesters and the 
students may choose among four one-semester courses: Biology, 
Geology, Fhysics and Chemistry. Most of them avoid Physics 
and Chemistry. He sees no hope of arranging to have them 
take two semesters of Physical Science.) 

A. Holden suggested enlisting Dorothy Montgomery . 
as a consultant since she has been systematically reviewing 
films for AAPT. 

Betty VJood, on behalf of Frank Kllle, gave a report 
of the organization of activities in the New York State Depart 
ment of Education, where increasing attention is being paid 
to science educatior. 

The PSNS staff for the summer of I966 v/as reported 
to consist of the following members, as of March 12. (Figures 
in parentheses inolcate proportion of eight weeks to be spent 
on the Project . ) 
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Carlyon (1; 






StrassenbuPK 

W A «^ * ^ A 


(1/2) 


Sells (1) 








(1) 


Re snick (1/10; 






McConnell 


(1/3) 


Bassett (l) 


Clark 


(1) 


Holcomb 


(!/'») 


Wood (1) 


Read 


(1/2) 


Levinger 


(1/2) 


Landis (l) 


Smith 


(1/2) 






Since the 


meeting an 


additional 


member of staff 





has been added: Robert Stoeckley, an astro-physicist at 
R.P.I, who will be with us half time. 

All members of the staff except Re snick. Read, 
McConnell and Levinger met at R.P.T, on April 6 and 7 and 
the- priority order for work to be done during the summer of 
19.66 was discussed. It was agreed that revision of the early 
chapters with addUion of quastions, problems and perhaps 
further experiments was the highest priority item because of 
printing deadlines. Matters to receive attention during 
revision are: 

A. Style and tone. 

B. Experiments (Uniformity of distribution.) 

(1) Those in series with the development of the text. 

(2) Those not in series. These can be more open-ended. 

C. Questions and problems. (More needed, early on.) 

D. Pace and choice of content. Main stem thinning. 

E. Level of treatment. Apparently about right as it is, 

F. Order of topics; integration of disciplines. 
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Optional Packages were assigned as follows; 

A. Geometrical Optics - Carlyon 

B. Sound - Sells 

C. Circuits - Read 

D. Avogadro's Number - Westmeyer 

E. Acids and Bases - Color Indicators - Smith 

F. Astronomical Measurement - Stoeckley 

G. Gravity and Satellite Orbits - Stoeckley 

H. Magnetism - Holcomb 

I. Biological Molecules - Bunce 
J. The Nucleus - Levinger 

K. Organic Structures and Reactions - Clark 

Subsequently S. Bunce pointed out that revision of 
the Main Stem material on covalent substances should be under- 
taken prior to the Optional Packages on organic and biological 
substances. 

There was discussion of the "Ground Rules" for 
Optional Packages. Three catagories of subject type were 
suggested. 

1. Subjects not taught at all in the Main Stem which teachers 
want to teach (e.g. The Nucleus.) 

2. Subjects briefly mentioned in Main stem which can profitably 
be handled in greater depth (e.g. Magnetism.) 

3. Subjects which illustrate the application of principles 
introduced in the Main Stem (e.g. Gravity and Satellite 
Orbits, Circuits.) 
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Jim Landis agreed to act as editor of the Resource 
Book for Instructors as an extension of his responslMllties 
for organizing this year's feedback. 

Categories of material for inclus-lon in the Resource 
Book for Instructors were suggested as follows: 

A. "Threads", in the senpe of the original p??oject proposed. 
Emphasis of these at the beginning, perhaps with a "flow 
sheet" showing their repeated occurrence in the course. 

B. Suggested films, discussion. 

C: Discussion of experiments and demonstrations. 
D, Theory in greater depth. 

E*. Examination questions and homework problems. Sakurai. 
F. Supplementary Reading list (fully annotated.) Rlckert. 
Gv Good projects for the students to chaw on over an extended 
period of time outside of class. 

Several of the staff members will begin work prior 

to the official opening date, June Q [^^^ J 

Elizabeth A, Wood 



Murray Hill, N.J. 
April 18, 1966. 



Copies to: L. Q. Bassett 

A. Holden 

F, R. Kille 

A. H. Livermore 

- • C. C. Price 

R. Resnick 

R. L Sells 



W. Boyd \ N. Y. State Dept. of Ed. 

A. Llerheimer] 



A. A. Strassenburg 
J. H. Werntz 
R, Paulsen (NSP) 
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PSi«S Advisory So?4rd 

American Institute of Pljysics 233 . 

535 East Street 

Kew tork, New York 10017 

February 20, 196? and 
February 21, I967 

<a 

The meeting of the PSKS Advisory Board vas called to 
order at 1C:05 am on February 21, I967, in the Comptoc Board Room of the 
American Ir.stitute of Fnysics, by Dr. A. A. Strassenburg, Chairman of the 
Advisory B:sard. All members of the Board were present except Professor 
Q-iarles Pjice of the University of Pennsylvania. (A list of the Board 
members is attached.) Dr. Strassenburg announced that 8 bids from publishers 
for the ISNS text materials had been received, and that 2 companies had 
requestefi permission to submit their bids late. They had been given 
pemissiDn to do so, but had been told that this would necessarily mean 
^that they would -not receive the same type of consideration as could be ^ 
* affordefl to ^hose whose bids were available to the assembled Board at tne 
time requested. 

Proceeding to the Agenda (copy attached), the following reports were made: 
1^ Re view of Summer Output (3966) t E.A. Wood 

Activities for the summer of I966 included a week-long 
feedback session at Eensselaer Poli-technic Institute, during which the trial 
teachers gave information regarding their reactions to the course, and those 
of their students. The mainstem text was then revised in consonance with 
the results of the feedback, which indicated that attention should be paid 
toliie course as a whole, especially with reference to the pacing of the 
-ec^ures etc A table describing a reasonable method of teaching the course - 
within various frameworks for example, a 3-credit course including 2 
lectures and 1 2-hour laboratory session j]er week - vas prepared. Jew 
experments were devised where needed. There also had to be a drastic re- 
vision of Chapters U and li+. The teachers felt that the treatment of X-ray 
diffraction in Chapter h had been heavy and was rather difficult, especially 
the mathematical derivation of diffraction. A paperback book on chemical 
bonding by Sisler, which had been used as a substitute for Chapter 16, was 
replaced by new material. 

Last year, most teachers had only progressed as far 
as Chapter 8, none further than Chapter 12. Unfortunately, this indicated 
the possibility that there was too much material in the mainstem. It 
vas determined that the second revision should eliminate a considerable 
amount of material. Since most teachers were not able to get to the last 
five chapters of the book, there was virtually no feedback regarding this 
final section, and this was forseen as a handicap in preparing the third edition, 

During the summer of I966, work was beg^on on a Teacher's 
Guide. Previously, advice to teachers had been in the form of letters of 
guidance from I/Irs. Wood.. Last summer, a loose-leaf guide was Prepared, 
but this is incomplete. Periodically during tA^is academic year, additional 
materials are sent to trial teachers. The autho.- of each chapter of the 
mainstem acts as the author of the corresponding section of the Teacner s 
Guide. All Guide material is collected and edited by Profer.sor ^arry M. 
Landl; of Wheaton College.. A major project for the sumer writing session 
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in 1967 is the preparation of a full-fledged Teacher's Guide. It was felt 
that such a^ guide should also include general aids for using the course as 
& whole a such as information as to what portions of the work may be skipped 
in order to shorten the course if necessary, but still maintain its overall 
integrity. It seems essential that some aspect of every topic or chapter 
must be covered for the sake of continuity. 

Some members of the Board felt that the Teacher's 
Guide should admonish teachers not to hurry through the course, merely for 
the sake of completing the entire "book", but others questioned the advis- 
ability of allowing teachers the possibility of concentrating on one seg- 
ment of the material and neglecting the remainder. Perhaps a stern revision 
of the mainstem is really a better solution to the teachers' problems of 
dealing ^'.dth the length of the coursethan trying to alter superficially the 
course "second-hand" by means of advice given in the Teacher's Guide. 

As the Teacher's Guide now stands, there Is material 
for each chapter through 12. Mrs. Wood is working on Chapter 1^ guide 
materials. However, the guide for each chapter is by no means complete. 

The plans for the I967 summer writing session include: 
review of the mainstem text; formalization of the teacher's Guide; com- 
pletion of a full set of Supplementary Chapters. 



2. Report on Present Status of PSNS Materials; L. Bassett 

The mainstem text is now in its Third Preliminary 
Edition, and consists of I7 chapters. It is being sent out to those who 
request it. There is some indication from the trial teachers that they 
will not get to Chapter 13^this year, since they have indicated almost 
no need for the laboratory 'supplies for the later chapters. The'largesti 
number of teachers is giving a course with 2 hours of lecture and 2 
hours of lab per week, for 3 credits; some present a 4-credit coarse 
with 3 hours of lecture and 2 hours of lab. One supplementary chapter 
i.s ready for trial this spring; others are in various stages of preparation. 

Dr. Bassett distributed a schedule of expenditures. 
This is a temporary budg -t prepared solely for the information of the Board 
as to the status of PSNS funds and other assets. (Copy attached.) 

Both publishers and members of the Board have questioned 
the viability of the prospective publishing schedule. A slower pace has 
been recommended by several publishers. Professor Resnick indicated a 
similar opinion in a letter to Dr. Strassenburg Collowing the January 10 
publishers meeting. The slower schedule would provide for a third pre- 
liminary edition m the fall of I967 which could serve for 2 years. The 
hard-bound final edition would follow. This 2-year period would provlds 
ample time for feedback based on the entire revised third edition of the 
course; this third edition vjould hopefully take into account the feedback 
results already obtained, and other feedback bajad on the trials of this 
academic year. In answer to doubts expressed regarding the funding over 
a protracted period, Professor Resnick pointed out that if the hard-bound 
edition came out in the spring of 1909^ there should be no financial 
difficulty, even though the present funding will terminate in the fall of 
rnV/-1968. Mr. Livermore added that after August, 1968,.the financial responsi- 
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biXlties should be assumed by the publisher to vhoa the contract is awarded. 



3. Report on Feedback Session, Pairleigh Dickinson University, February 
3"U, 1967: R. Sells , _ . 

!Ehe recent feedback session indicated that many 
teachers had only completed the mains tem through Chapter 8 at aid-year. 
This would seem to indicate that it would be possible for them to complete 
16 chapters in 2 semesters. There was, however, some doubt expressed 
that his projection would prove valid. 

Various suggestions for improving the course were 
made by the teachers participating in the feedback session: l) reshuffle 
seme chapters (e.g. invert the order of k and 6); 2) delete some chapters; 
3) add material — there was more eagerness to have mterial added to 
the course than to have it deleted; k) balance the experiments against 
the text materials (this seemed to some an obvious chore for the Teacher's 
Guide). 

Several teachers reported difficulties in their lab 
work but as there are only one or two experiments \fh±ch require laboratory 
facilities (e.g. gas supply for operating a Bunsen burner) it was concluded 
that the major problem in many schools is in acquiring sufficient space 
for the lab sessions. These sessions must be held in a to<m where there 
are such simple facilities as running water. Many schools are reluctant 
to provide the necessary facilities, however basic. It was observed by 
several meinbers of the Board that the fact that the requirements of the 
PSNS course demand attention by ^administrators to the needs of an experi- 
mentally oriented course is beneficial to the cause of experimental 
physical science. Perhaps, if enough pressure is exerted, the trend away 
from the experimental approach will be reversed. 

Dr. Ki^lle stated that there are now very often 
amendments in money bills passed by the federal government which provide 
for funds to create space fpr facilities, PSRS contributions in the field 
may provide a necessary stimulus toward the formalization of recommendations 
by state departments of education regarding the air.ount of space and time 
a given institution must allow for physical science courses. 

Dr. Bassett pointed out that the I96T-68 academic year 
will require institutional cooperation in providing the necessary equip- 
ment for the PSNS course, since the funds now being used to subsidize schools 
in acquiring the PSNS equipment will no longer be available. Dr. Kille 
renarked that it will be possible for the schools to obtain federal aid 
for equipment. Mrs, Wood suggested that Damon Educational, Inc. should 
be apprised of this potential aid. They should assume the role of educating 
the educators, in order to increase their market. Dr. Kille informed the 
Board of the existence of the Elementary and Secondary School Act - Title V 
designed to improve state education department?., and of the New York State 
Science and Technology Foundation. 
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Some schools had found their ovn solutionis to the 
prdblem of ccmpleting the lab work for the course vhich Involved institut- 
ing rather unorthodox meth^ of scheduling. Professor Sells had good 
results at the MS College at Geneseo using undergraduate student assist- 
ants in the labs. 

IThe ^ssibility of using filmed or taped instruction 
for the labs was raised. Mrs. Wood felt ^at such methods are actually 
ccsitrary to the nature of the cowse, but that the teachers definitely 
do need technical advice on how to operate the course, 

especially the experimental aspects of it. Professor Wemtz agreed, and 
added that he felt it was advisable to go slowly in improving the fare 
offered physical science students. The innovation of a non-encyclopedic 
course is a great advance in itself. However, he suggested that it would 
be wise to select an imaginative publisher, not cne who will only produce 
a book and materials which will make the newly conceived style of this 
coxirse seem to conform to old -patterns . 

Professor Holcanb remarked that some teachers had 
questioned the necessity of d iscoveries in order to maintain the momeiitum 
of the course. The teachers apparently do not object to telling their 
students what will happen in a given experimental situation, and in many 
cases feel that this is wiser than to run the risk of a student drawing 
conclusions from miscarried experiments. There is a delicate balance 
between completely un&cructured exploration and **cookbook" laboratories. 
We must strive to achieve this in the text, and help teachers to understand 
it through the Teacher's Guide and summer institute* 

k. Future Plans; A> A> Strassenb\irg 

A> Publication : The scheduling of publication 
of the final version of materials oLepends to a large extent upon the 
publisher selected, but a revision should be prepared for use during the 
1967-68 academic year, possibly for use during the subsequent 2-year periods 
Thereafter, a new revision based on trials yet to be made and feedback 
yet to be gathered will enable the preparation of the hard-bound edition 
by Fall, 19^9^ 

Publisher ; In dealing with publishers and pre- 
paring plans for publication, various problems have ccsne to light regarding 
financial arrangements, with respect to the requirements of the NSF and 
of RPI, The ouestions regarding royalty arrangements and copyrights must 
be looked into. Although many contributions of information were made, no 
definitive conclusions could be reached, due to lack of specific legal 
information* 



In preparing for the afternoon session Dr. Strassenburg 
called to the attention of the Board several letters and other materials; 
letter from the American Textbook Publishers Association inviting pub- 
lishers to the January 10 briefing session; a ^ist of publishers present 
nt that briefing; 5 anonymous reviews solicited ^y the Scott, Foresman 
Company; letter from Professor Resnick pertinent to the proposed publication 
schedule; letters from Oxford University Press, Houghton-Mifflin, and 
the Norton Company, received subsequent to the publishers* brief ing. 

£Dj(- The meeting was adjourned at '^•ffU ^® re-convened 

after lunch. J^Uy 
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The PSNS AdNdsory Board laeeting was re-convened at 
2:30 pa, February 21 in the Cempton Board Hoom at the American Institute 
of Physics. The aesnbers of the Board preceded to cor.5ideration of the pro- 
posals for pubUcation of the PSl© materials. The Board vas infomed by 
Dr. Strassenburg and Mrs. -Wood that information regarding the wishes of 
the 2?SF regarding financing and provisions for revision, royalties, 
copyri^ts, and similar matters had been raised by publishers' repre- 
sentatives, and that no definite answers could be ^ven at that time 
(January lO). It is therefore necessary for the Board to take this 
lacH of information into account in considering the financial arrange- 
ments offered in various proposals. 

The publishers' representatives were also informed 
as to the position of Damon Educational, Inc., in producing the laboratory 
materials. They were told that co-operation with Damon would not be 
imperative, but that the PSI5S administrators would consider a liaison with 
Damon favorably. It was felt that there should be some Joint advertising 
and marketing carried out by the publisher and Damon, but there were no 
demands made that Damon be the apparatus manufacturer selected by the 
publisher. Communication with Damon after the publishers' meeting re- 
vealed that Damon would prefer to sell the laboratory materials and appar- 
atus to the selected publisher who would then market the whole package. 
Such an extreme is not desirable, but sme financial arrangement would 
seem necessary, because Damon cannot handle a large market independently 
without the assistance of a publisher's contacts and marketing facilities. 

Professor Holcomb remarked that at the publishers' 
meeting, representatives of Prentice-Hall were concerned as to the amount 
of control the PSNS administrators would exert on the pubHsher's services, 
•me representatives at the January 10 meeting were definitely led to have 
a feeling of freedom regarding the actual production of the text and materials 
especially with regard to illustration, graphics, style, etc. Certain 
flexibility can be granted, but not regarding such matters as copyec'iting 
the text to fit the usual standard format of^ separate experiments and text, 
or otherwise altering the general style to make this text no different from 
every other physical science text. 

j.t was noted that one publisher pointed out the 
possibility of a penalty clause in the publishing contract, whch would 
provide that the publisher would pay a given amount per day to PSNS for 
delay in production. 

The statement was made that it was necessary to 
select a publisher who would inspire confidence in prospective users of 
the course. 

•Bie Board then preceded to individual consideration 
of the publishers' proposals. 
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Tuesday, February 21, I967 
PSNS Advisory Board Meetiisg 
Re-coavened at 9iC0 am. 



After additional time spent reading and examining 
the proposals, the Board reviewed their reactions to the various proposals. 
This was done by means of a blackboard chart, which checked the character- 
istics desired by the Board against the offers in, each category, aade by 
each publisher. In this way, k of the 8 publishers were eliminated. In 
order to proceed to a final decision, two steps were agreed upon by the 
Board.* 

1. Dr. Strassenburg must consult with the US? to 
determine what its guidelines are regarding financial arrangements, etc. 

2. On a given day to be selected ir the future, 
each of the k remaining publishers will be invited to send a representative 
to appear individually before the assembled Board, so that the Board can 
obtain additional information. 

After these two steps have been taken, the Board will 
meet to make a final decision regarding the selection of a publisher. 



After lunch on Tuesday, two other matte-,*s were discussed 

by the Board: 

1. The growth in the number of school j using the course. 

While it had been assumed that the growth of the course 
would proceed at a good rate without additional stimuli, it now appears from 
the observations made by Dr. . Strassenburg and Professor Bunje during the 
previous 2-day session reviewing applications for the summer institute 
that it may be wise to publicize the course mere widely. It was therefore 
decided by the Board to prepare a brochure describing the PSIJS project, 
course and materials, and that this brochure should be mailed to the kOO 
interested parties on the existing nailing list. Hopefully, this will accrue 
enough additional publicity to increase the number of colleges presenting 
the PSNS course to schools for the academic year I96T-68. Mrs. Wood 

will draft the brochure. It will be reproduced and mailed through RPI. 

2. Evaluation of the course. 

There was discussion about evaluation of the course, 
but no decision was taken by the Board. Although there has been considerable 
communication in this regard with ETS (Educational Testing Service) , 
negotiations have dwindled. Sugges-^ions were made that possibilities for 
evaluation of the course continue to be explored with other agencies, and 
that ETS be re-contacted. 
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3. Sleet ion of Co-director. 

The Board voted to invite Professor Walter Eppen- 
stein. Department of Hjysics, Rensselaer Polytechnic Institute, to serve 
as co-director of the PSNS project with Professor Bassett of the 
Chemistry Department, HPI. 

The meeting was adjourned at k:20 pm, February 21, I967. 



Respectfully submitted, 
Abigail Peterson 



AP 
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Secretary to 
Dr. Strassenburg 



PSNS Advisory Board Meeting 
American Institute of Pi^sies 
355 East U5 Street 
Sew York, New York 

February 20, 21, 196? 



AGENDA 



Monday, February 20^ 10; 00 am . 

1. Review of sunmier output 

2. Report on present status of materials 

3. Report on B^irleigh Dickinson feedback session and discussion of reactions 
from teachers at the trial colleges 

k. Discussion of future plans 

a) publication 

b) course trials in 19^7-68 

c) evaluation 

d) directors of project 

LUNCH at Johnny Johnston's 

5. Individual study of publishers' proposals 
Tuesday, Febx-uary 21, 9:00 am . 

6. Continuation of proposal study . 

7. Discussion pf proposals and formulation of rec jsanendations for criteria 
and procedures to observe in making final decision 

LUNCH- at Renato's 

8. Film on Symmetry by Philip Stapp 

9. Discussion of policy on "Supplementary chapters 

10. Discussion of problems in producing "teachers' resource book 

ADJOJSNMENT before U;0O pm. 



So I 
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PSKS ACVISCKX BOASH 



Bassett, Prof. Levis 
Chemistry Department 
Rensselaer Polytechnic Institute 
Troy, New York 12181 

Holcomb 4 Prof. Donald 
Department of Physics 
Cornell University 
Ithaca, New York 14850 

Holden , Dr. Alan 

Bell Telephone laboratories 

Murray Kill, New Jersey 

Kille , Dr. Frank R. 
Associate Ccmnissioner 
for Higher Education 
New York State Department of Ed, 
Albany, New York 

Livemore, Mr. Arthur 
American Assoc. for the 

Advancement of Science 
1515 Massachusetts Ave., K.W. 
Washington, D.C. 



Price > Prof. Charles 
Department of, Chemistry 
The University of Pennsylvania 
Philadelphia, Pennsylvania- 1910^^ 

Resnlck » Prof. Robert 
Department of Physics 
Rensselaer Polytechnic Institute 
Troy, New York 12181 

Sells, Prof. Robert R. 
Departeent of Physics 
State University of New York 
College at Geneseo 
Geneseo, New York IUU5U 

Wernts, Prof. James 
Department of Physics 
University of Minnesota 
Minneapolis, Minnesota 55U14 

Wood , Dr. Elizabeth A. 
Bell Telephone Laboratories 
Murray Hill, New Jersey 



Chairman: Strassenburg , Dr. A. A. 

Division of Education and Manpower 
American Institute of Physics 
New York, New York, ICOI7 
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Estifliate of PSNS Financial Status - t /31/67 

Balance 1/3 i2kk,^3 

Estimated Exsenditures 

F«b 1967 t 20,000 (f net ude» Feedback Conference, 2/3-4) 

Mar 24,000 (includes Damon^Chap 12 Equip* * 

Fort Orange - Vot 3) 

Apr 24,000 {normal ♦ Damon Chaps. 13 and 14) 

Kay 24,000 (normal * Damon Chaps. 15 and 16} 

Jun 26,000 (normal expenses 10,000 2 wks SS, 

^6000 wk ^ Feedback session, |4000} 

Jut 30,000 (J6000 t 4 wks SS, ^60QQ/vM) 

Aug 30,000 (|$000 * 4 wks SS, ^6000/wk} 

t 178,000 

Estimated Balance I Sep I967 |66,6O0 

This batance should carry the Project through Calendar 1967. 

See paragraph 3 of GE-8573, Amendment 2 

Apply for additional funds by 15 Sep 1567 - check this now with 
Or. Gertner. 
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April U. 19f9 \, . T^^y^ 



Present: Lewis G. B&ssect Thcnms Sears (guest) 

Earl Carlyon ^5:/* 5>7 Charles B. Stoll (gueFc) 

Walter E. Eppenstein A. A. Strassenburg 

Alan Holdcn Wayne Welch (guest) 

Arthur Livermore ' Elizabeth A. Wood 



Financial history reviewed by Bsssettj NSF removed the expenditure litnitations . 
on some funds granted to SPI. As a result, PSNS has had about $63,000 restored 
to its budc^et. i;SF granted a one-vear (to June 1970) extension to allow time to 
spend these funds wir.ely. Unexpended funds amounted tp $94,000 as of April I. 
Ve need to make some commitments fay June 30 so that the uncotsmitted balance then 
will be §03,000. 

The following activities are proposed for the final year of the project: 
I. Evaluation of PSNS course. 

2! Completion of supplementary chapters (4 or 5 staff 

members for 4-6 weeks during the summer of 1969 
should be sufficient to accomplish this). 

3. Cooperation ^7ith Wilcj' in arranging conducting 
short workshops to. familiarize prospective 

teachers, with PSNS materials, 

Strassenuurg briefly reviewed past efforts to arrange for evaluation. $3000 
was paid to ETS; relationships with ETS terminated after they refused an invi- 
tation to send representatives to RPI to work closely with the PSNS staff 
during the summer nf 1968. t« 

We would like tJ sugfjest to Wiley that wc share th.2 CKpenscs and work of 
arranging "workshop" or "briefing" sessions. 

We propose to develop a set af transparencies during the sum»ner of 1969. Walter 
Eppenstein would U.nd this effort; Earl Carlyon could assist. 

We defiritely sense a need for some supplementary chapters. Bassett receives 
an average of two requestr a-day for the four existing preliminary versions. We 
• till have copies for sarrplns; neither text nor apparatus is available for 
large-scale use. 

Stra«£:enhurg rnportcul that three pmpoiaU to NSF for PSNS Sunime^r Institutes 
were turned do.;n. Lopcu^teln sui^sc^ied we energize propurals at once for the 
June I deadline. Socthby, Umdis, Ibllinse;-, IngUs, Arous, (Mary) hec^ Bolton, 
Strassenburg, were sugnested at. p-tential direcLorft. Eppenstein vecomnicnds 
that we sugijcst supporting staff to the directors. Tom Stricklcr of Berca 

20^ (more) 
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College, two laen from Eastern Keatucky State College, and Shirley Aroasoa were 
suggested as excellent cacdldatefi. , 

Supplementary chapters were reviewed by Wood: Tnere was aa extensive discussion 
on the need for supplementary chapters. In addition to efforts to review and 
clarify the philosophy behind the concept, the Board discussed the merits of each 
proposed chapter, the total number desirej, and how they should be bound. We 
reached consensus that there should be 5 t 1. Binding will be discussed'with 
Wiley; probably all chapters will constitute a single, soft-cover volume. It 
was agreed that the seven Board Members present would vote for those titles the 
staff should develop, up to five. The results: 

c 

Acids and Bases 0 

Magnetism 4 

Matter In Astronomical Realm 7 

Matter in Earth 7 

Equilibrium ' 4 

The Nucleus 2 

Avagadro*s Number 0 

Biological Molscuies 0 

DC Circuits 2 

Cfeotnetrical Optics 4 

Matter in the Oceon l"^ 

Matter in the Atmosphere 1 r Suggested by Alan Holden 

Strength of Materials 1/ 

It was decided that the staff should develop those chapters receiving four or 
more vot^s« 

>. ■ 

Bassett on brief ing sessions : Project should finance cechrical staff for brief- 
ing sessions, i.e., pay them and their expenses. Time and experience^ is needed 
in making arrangements with the schools. IVo-day sessions are desirable, there- 
fore it is reasonable that we share the costs. Our proposed budget calla for 20 
during academic year 1969-70, It was agreed that these sessions should be 
called "PSNS Workshops'^ 

Lunch 



Evaluation: Wayne Welch discussed his proposal for evaluation of PSNS. He must 
make some decisions concerning his summer commitments. He will remain at HPP 
this summer; on September 1 he will move to the University of Minnesota tlicy 
have agreed with his involvement with PSNS. 

There was a discussion of Wayne Welch and his proposal following his leaving to 
make an airplane. It was moved and seconded that we engage Wayne Welch to pro- 
ceed on the basis of his proposal dated 4/8/69 and approve his proposed budget. 
Passed unanimously. 

Transparencies : 

Holden expressed misgivings about the strong effect of t oo precise image . Some 
felt that this was not an argument against transparencies but against ati 
excessively formal style of il iustrai ion^ ^ 
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Strassenburg asked Eppcastein Co suggest an appropriate scale of effort. 
Eppenstein suggested 30 to 40 transparencies; the 

work in the summer. The cost (to the school) was estimated at about $250 for ^ 
40 transparencies bound in units. Wiley declined to guess at the percentage of . 
schools that would order theot. Eppenstein said they are widely used m other 
subjects. 

Strassenburg asked Wiley what they would do with transparencies if the staff had . 
time to develop scene this summer. Eassett said he thought the development of 
them could be supported by the PSNS budget, but there is no Point in developing them, 
unless Wiley is going to produce them. StoU replied that we will know a lot 
better about the need for supplemental materials in another year. The partial 
funding of work3hops.by PSNS funds will take away some of the load on those other 
Special Fund monies. In another year we could use the money accumulating in tne 
Special Fund to generate supplemental materials -- transparencies and/or others. 

Eppenstein suggested generating a few this summer as examples. There was general 
agreement. 

Report from Charles Stoll of Wiley: There is high priority (and high enthusiasm) 
for PSNS at Wiley. Wiley expected to have more input into text content and format 
but found PSNS had an eye on consumer needs, so they did not need to. However, m 
layout and design he feels they had a big input. In terms of marketing, the 
returns are not yet in, but advance orders look promising. The "travelers' are 
well prepared to do their difficult job. 

There was a discussion of Damon-Wiley relations. It was reported th/^t the growing 
pains are about over, and orders are now being filled promptly and accurately. 

The matter of high school marketing arose. Strassenburg agreed to draft a state- 
ment concerning the position of the Ar^visory Board with respect to school sales, 
circulate It for ccmment by the Board, and then send it to Wiley. 

Mr Stoll reported on the management of the Special Fund, llie sale of the book 
will generate funds for promotion of existing PSNS materials and possible future 
revisions, 

Holden asked if there is a plan to revise the text to make a school editton which 
is different. Slrasscnburg replied that we as a body cannot undertake it. AU 
we can do is encourage Wiley to arrange for revisions as needed. 

Bassett reported on requests for translations. Some Japanese are interested in 
the possibility of a translation into Japanese. He described to .them the appro- 
priate procedure to requ?.st needed approvals from Wiley and NSF. 

The meeting was adjourned at 4:30 p.m. 



Respectfully submiltcd by 
Elizabeth A. Wood 

April U, 1969 
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APPENDIX D-2 

\ PoUcy Statement on Use of 

PSNS fn Secondary Schools 
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AMERICAN INSTITUTE OF PHYSICS 

3$S EAST 45 STREET, NEW YORK. NEW YORK lOOlt • «2I2) «8$-lf4e 



orrics OF 

BOUCATtON AND UANPOWSR 

A. A. SntAsuNBUK. Director 



Rtplf to: 
516.7SI4S0O 
Statk UwvEMinf 09 titm Yok 
Stony Brook, New Yokk 11790 



June 3, 1969 



Mr. Charles Stoll 

John Wiley and Sons, Inc. 

605 Third Avenue 

Nfew York, N.Y. 10016 



Dear Mr. Stoll, 

The Advisory Board for the Physical Science for Nonscience Students 
Project met recently and considered the possible use of PSNS oaterials 
in the high schools of this country. The Board meiabers ultimately 
approved a position paper on this subject; a copy is enclosed. 

We feel sure that John Wiley and Sons will be interested in this 
action. Please feel free to use the statement in any way that will 
help to promote appropriate experiments with PSNS materials in the 
high schools. 

We look forward to continuing cooperation with you. Please keep us 
informed about the success or failure of "An Approach to Physical 
J5cience" as a high school text. 

Sincerely yours. 



A. A. Strassenburg 



Enc. 



AAS/bg 
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The staff of the FHysie«I Science for lionsclence Stutfents Project detlgned 
and developed ouiterlals for a course which would serve the needs of college 
students who plan to bceooe elementary school teadiers. the students are 
expected to participate in the careful observation of physical phenomena and 
to use sinple apparatus to. determine the relationships between measurable 
properties of matter. They are encouraged to devel^ concepts and models 
which help to relate their observ«tions. Finally, students are asked to 
deduce from their models specific predictions which can then be tested by 
additional experiments. These activities are stressed because the staff 
believes they are the essence of the scientific method, and that observation, 
creative model-making, logical reasoning, and experimental Inquiry are 
processes which shcmld be emphasised in elenwntary school science courses. 

The questions, experiments, and discussion in the PSNS text prescribe a 
variety of open-ended activities. They are designed so that students with- 
out unusual mathematical talent or previous experience with experimental 
science can participate successfully. The staff feels that this is important 
« because elementary school teachers need confidence in their ability to seek 
answers to questions about science in ^ scientific manner; prospective 
teachers frequently lack this confidence when they enter college. The course 
designers also anticipate that students will enjoy the experiments and prob- 
lems. This Is important because negative attitudes toward science are 
efficiently transmitted from teacher to student In the classr^m. 

The content of the course — selected from within the scope of physical 
science — is interdisciplinary, because the staff believes that at elemen- 
tary school levels it is more important to stress the general applicability 
of basic scientific concepts than the special techniques and language of any 
particular discipline. The length of the course, one academic year, was 
chosen as a compromise between the need of the neophyte investigator for an 
unhurried opportunity to look and think, and the heavy demands on education 
majors for professional preparation and for courses distributed over several 
different areas of knowledge. 

Thus many decisions concerning course characteristics were made with the 
needs of prospective elementary school teachers in mind. It is clear, 
however, that many college students majoring in a variety of nonsclence fields 
have experiences and needs not uhllke those of typical elen^ntary education 
majors. Many have suffered through a minimum of pre-college science courses 
without gaining understanding or appreciation of the ways scientists attack 
problems. They have tried to perform experiments and s6lve problems, but 
without pleasure or sense of purpose. They will study science as little as 
possible in college. They will have little use for the specific research 
techniques of any particular scientific discipline, but great need to employ 
systematic data-gathering and reasoning processes in their everyday lives. 
The staff and Advisory Board of the PSNS Project believe that such students 
would profit qwre from the PSNS course than from most science survey courses 
or from the more mathematically sophisticated courses designed for science 
majors. 
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Clearly the PSNS couri€ developed %»ith tlm needs of 
St lents m mind; the po.flbllity of offering the course to high school 
students arose after the aeteriels ^re developed. The ^nOsers of the 
Advisory Board do agree that there is no obvious reason nhy the course . 
^ould not be succeSsful for Mom high school students. 
students in high school have already developed negative ^^^^^f « 
science which PSNS aay help to dispel. The Involveoent of PSNS students 
in systematic efforts to understand physical phenooen* should be useful 
even for those students who eventually concentrate their efforts within a 
field of science. The degree of oath«aatlcal and experimental skill 
required of successful students is not above the level of many high school 
juniors and seniors. 

The assignment of high school students to the PSNS course oust be done 
intelligently. Inasouch as the vocabulary and style of analysis in the 
text have been chosen to be attractive to students who have not yet been 
excited by scientific Ideas, logical reasoning, and exper itaent a 1 proce- 
dures it would seem prudent .to counsel against the enrolloent of students 
who are talented at matheoatlcs or who have career goals in the physical 
sciences. Within this general guideline, the Advisory Board invites 
experiments with PSNS In secondary schools and hopes the results of such 
experlipents will be reported. 



6/3/69 
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APPENDIX E-1 
Two PSNS Institute Reports 
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Director's Report 

Kational Science Foundation 
Sunaaer Xnstituta in the Natural Sciences 



Rensselaer Polytechnic Institute 
June 24 - August 16, 1968 



A. A. Strassenburg 



Co-Director 



S. C. Bunce 
Co-Director 
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l^e program of the Institute combined laboratory experiments and discussion 
og the concepts and methodolosr of the PSJJS course, "An Approach to Physical 
Science supplementary activities shared by all participants,^ ^uch as films 
mathemat3.cs reviews, and guest lectures, and study of concepts in on^ lie Id 
of science (physics or chemistry). The concepts were chosen by their-Ser- 

concepts in the PSNS course and participants 
were individually assigned to the area in which they were least well prepared. 

The daily schedule (except for a modification to accomodate films on Fri- - 
days) was as followsj .-f^' 



9; 00 - 10; 30 am: PSNS Experimental work 
10i30 - 11:00 am: Coffee Break 
11:00 - 12:00 am: PSNS Discussion 
12:00 - 1:30 pm: Lunch 
1:30 - 2:A5 pm: Group A: Chemistry 

Group B: Physics 
2:45 - 3:00 pm: Coffee Break 

P»J Monday and Thursday: Films 

Tuesdays: Mathematics Review 
Wednesday and Friday: Guest Lecture or 

Library or open 

These activites are discussed in more detail below. 
A. Activities Shared by All Partiglp atit« 
1. PSNS Laboratory Experiments 

Each morning was devoted to performing and discussing PSJS experiments 
A schedule was established which called for completing one or two experiments 
each, day and thus all sixty-odd experiments described in the text w^e per- 
formed by the participants during the summer. ' 

Usually the participants had little difficulty collecting the data required 
between 9:00 a.m. and 10:30 a.m. Following a coffee break, the group 
assembled m a classroom near the lab and discussed the significance of the 
experiments. These discussions ~- called pre-lab or post-lab discussions, 
depending on whether we were looking forward or backward — were regarded by 
the participants and the staff as essential to the realization of Institute 
goals. It was during these sessions that we were able to examine the 
Jh! !rfi%^°%^^ organization of the subject matter and the philosophy behind 
the methods of presentation. All five instructors participated as discussion 
IZ Jti than two present. The very open-ended and 

non-author itarian style used by the instructors appeared to be the most 
surprising and controversial feature of the Ir^titute program. There was evi- 
dence that many participants were won over by the promise of " this technique 
for stunulatmg involvement and Interest on the part of students 
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2. Films 



TWO afternoons each week, starting at 3:00 p.m. and lasting or^ to one and 
a half hours, films were shown. These were selected to compXeoent the PSI^ 
laboratory experiments, the physics coursework, or the chemistry coursevork. 
A large number" of the films shown were made by either the PSSC or the CHEM 
Study Projects, though films from other sources were also used. During the 
summer PSKB staff members were rcv^wing films for recommendation m the 
Teacher's Resource Book; therefore our knowledge of and access to relevant 
films were excellent. The films to be shown were listed well in advance so 
that participants could decide whether or not to attend. Occasionally non- 
Institute members of the campus community joined us at film showings. 

Every Friday morning at 11:00 a.m., one of the Feynman Messanger Lectures, 
filmed for the BBC, was shown on the campus. We arranged our schedule so 
that our participants could attend, and a significant fraction did attend 
regularly, 

3, Mathematics Review Sessions 

Every Tuesday from 3:00 p.m. to 4:15 p.m., a review of some topic in ^the- 
matics was offered by Professor Strassenburg. The topics covered included 
vectors, the graphical meaning of calculus operations, statistics with appli- 
cation to errorHheory, exponentials and logarithms, complex numbers with 
applications to optical intensity patterns and A.C. electric circuit theory, 
and vector differential operators. 

These sessions were very popular with the better students, and attendance 
at most sessions was large: approximately 90% of the participants for^ 
the easier topics down to perhaps A0% for the harder ones. The selection 
of topics — after the first week — was made in response to specific 
requests or by democratic choice from a number of alternatives suggested by 
the instructor or by students. 

A, Guest Lectures 

Four off -campus, in^-ited guests gave one or two lectures or conducted 
regular class sessions during the eight-week program, 

(a) Dr. Elizabeth Wood, retired Bell Laboratory crystallographer and 
Associate Director of the PSNS Project, conducted classes for the 
two days devoted to the chapters on "Crystals In and Out of the 
Laboratory" and the historical development of x-ray diffraction as 
a technique for ' determining crystal structure. 

(b) Dr. Charles Price, chemistry from the University of Pennsylvania, 
gave two lectures: (1) "Polymers; How Properties are Related to 
Structure and (2) "Evolution and Synthesis of Living Systems." 

(c) Dr. Arthur Livermore, Deputy Director of Education of the American 
Association for the Advancement of Science, described to the group 

the AAAS elementary science curriculum project and text and laboratory 
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materials knqwn unfier the naae ^'Science, A Process Approach. •» He 
indicated how PSI® could serve as a suitable physical science course 
to prepare teachers of these materials. 

<d) Dr. Donald Holcomb, physicist at Cornell University, spoke twice 
about an innovative rourse in physics which he teachers to non- 
science- ma jors at his institution. While the topics he covers are 
different from those in the PSNS course, his style of teaching, like 
ours, is directed toward securing student involvement. 

Professor L. V. Parsegian of RPt was also invited to describe his course 
development program: "An Integrated Approach to Science." 

B. The Physics Course 

The physics class, consisting of 20 teachers whose primary competence lay 
in chemistry, met every afternoon from 1:30 p.m. to 2; 45 p.m. Professor 
Strassenburg and Professor Whitcomb shared the duties of instructor. 
Topics were selected from an introductory college physics text, Classical 
^^ysics by Weidner and Sells, on the basis of their close relationship to 
the PSNS course. The approach used during the first six weeks was strongly 
analytical, in order to illustrate convincingly the power of physical 
theory and mathematics in the organization and understanding of physical 
phenomena. Problems.* were assigned, collected, and checked in order to 
monitor the progress of the class. 

The topics covered during this phase included kinematics, dynamics, con- 
servation of energy, electrostatics, wave motion, interference and 
diffraction, and thermodynamics. The final two weeks were devoted to 
lectures on atomic and nuclear models and quantum physics. For this final 
phase, students were supplied with reading lists with references to half 
a dozen books on chc topic for each day, and several copies of each book 
were made available. 

Though no credit was given for this course, it was roughly equivalent to 
one semester of an introductory physics course requiring calculus as a 
co-requisite. Sokb participants undoubtedly mastered an appreciable 
amount of quantitative physics; others profited only from the qualitative 
aspects of the presentation. No exams were given, so we have no way to 
measure class achievement objectively, but we believe the course served 
the needs of future teachers of PSNS. 

C. The Chemistry Course 

The chemistry class, meeting at the same time as the physics class, consisted 
of the other half of the participants, those whose backgrounds were not 
as strong in chemistry as in physics. The text Bassett, Bunce, Clark, 
Carter, and HoUinger, Principles of Chemistry , used as a primary reference 
was supplemented by a collection of paperbacks. Topics discussed in some ' 
depth included atomic structure, ionic solids and crystal structure, cova- 
lent bonding, structure of more complex covalent carbon ccxnpounds, covalent 
solids, metallic solids. Van der Waals» bonding in solids, the liquid state, 
gases, chemical thermodynamics, solutions and phase equilibrium, kinetics 
of chemical reactions, electrochemistry, and mechanisms of reactions of ionic 
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and coval«nt compounds. 

Assignments vere given in advance and included questions and probleos, 
which were generally worked on with care bj^ participants, corrected by the 
staff and by graduate assistants, and returned to the participants. Active 
participation In assigned work and in class discussion was the norm, 
although a few participants were unable to keep up with the work. The level 
of discussion was somewhat more advanced than that of a typical present- 
day general chemistry course, and the topics included at least those which 
would be found in one semester of such a course. 

The chemistry instruction was shared by Professors Bunce, Campbell, and 
Hollinger. Often for discussions, two of the three were present and the 
informal discussions proved very stimulating. The progress on assigned 
problems, and the clkss discussions indicated that this part of the program 
was of considerable value to most of the participants, and that It was par- 
ticularly relevant to their teaching the PSKS -course. 



THE PARTICIPANTS 



A. Selection 

A brochure describing the program was mailed to all v^o learned of the pro- 
gram from the NSF national brochure, and also to all college and junior 
college science school or division heads. The Office of Continuing Studies 
at Rensselaer received 112 applications; all of these were reviewed care- 
fully by the Directors and a composite judgement was made of the ability of^, 
the applicant to benefit from participation. 

There were 51 first offers madej rejection of 22 of these led us to make 
offers to approximately 28 of a list of 36 ranked alternates. The group of 
AO participants so chosen was augmented by one foreign participant who was 
Invited following a suggestion of the National Science Foundation, and by 
two local participants, ineligible for stipends because they were secondary 
school teachers. There were no withdrawals after the program began. 

Half of the participants (20) were from four-year colleges and half C;^0) 
were teaching at two-year colleges and junior colleges. One had a Ph.D. 
degree, most had M.S. degrees, about equally distributed in science and in 
science education. They came from seventeen states and from Argentina, and 
their institutions Included private liberal arts colleges, large public uni- 
versities, large public junior colleges, and state colleges which are pri- 
marily teacher-preparing institutions, 

B. Participant Facilities and Recreation 

Participants were housed and had their meals in Rensselaer dormitories or, 
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in tome cft««», is pctvate apartoenU os houses which they, leaastd. These 
arrangement* seemed quite satisfactory. Association with those participating 
in the PSIB writing program, and also with college and secondary school 
science teachers who were participants in other NSP summer progratas at Ren- 
sselaer was helpful. 

One picnic was arranged by all NSP susuaer program participants and seme other 
informal social activities were included. A visit to scaae c£ the research 
facilities related to structural studies in the new ^laterials Research Center 
concluded the program. 
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Appendix £-2 
Three Typical Workshop Reports 
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AMERICAN INSTITUTE OF PHYSICS 

/$S SAST 4S STREET. NEW YORK. NEW YORK UOU • iiS Hit 



o^rics OF 

BOUCATIOft AND KAMPUWCR 

A. A. SmiSSNBSW. Director 



Replfto: 
Statu Ukivemity or New YoiK 
Stony Bkook, New Youk UT90 
516 751-8300 



April 1. 1970 



Mrs. Elizabeth A, Wood 
37 ?ine Court 

New Providence, New Jersey 



Dear Betty: 

I would like to report to you on the PSNS workshop that I conducted at the 
State University of New York Ctollege at Buffalo on Mirch 21, 1970. I 
arrived at the Buffalo airport on Friday evening and was tnet by Joe Burns, 
the local Wiley representative. He took me to a motel near the Buffalo 
campus which had been reserved for me by John Barnett, the physical science 
teacher at the college. Despite the fact that his wife had had ^ ^aby by 
Caesarean section on Friday. John Barnett picked me up early on S^'^^^^^y . 
morning and took me to the college. All 6f the apparatus I had ordered had 
IrrTel ?n ti.e and was conveniently packaged and ready for use. 
were not scheduled to strive until 10:00 a.m. which gave me adequate time for 
preparing numerous experiments and demonstrations which were part of work- 
shop plan. 

Approximately 70 patrticipants arrived at about 10:00 a m D^^ing ^he morning 
I asked them to perform experiments with crystals: salol experiment cleaving 
Jf crystaU and Lklng cry^al models with styrofo«n balls and toothpicks I 
also conducted several demonstrations carrying out the general theme of inve.- 
Ugations lnto crystal structure as contained in the PSNS text There were 
numerous questions and comments about the teaching style ^nd discovery philo- 
sophy on which the PSNS course is based. 

after a good lunch provided at the campus cafeteria and paid for ^y Wiley 
we returned to the science building, and split into two groups I 0"^ 
gro^ perform the measuren^ent of the wavelength of light viewed through two 
slits while I discussed with the others various devices in=i"f^«8 * 
demonstrations, and films by which the cour.e attempts to ^-^J^ff 
student with the concepts of wave motion and interference. Midway through 
the afternoon we reversed the two groups and repeated the experiments and 
demons t rat ions « 

1 thoMht everything «ent reasonably well despite the fact that I planned too 
LcS ?f do S^re were many questions and n,ach dU<:>«.lon fro- the 8"-P "hi'h 
reflected iome reluctance to accept our progressive teaching .tyl.s but also 
"d cated considerable Interest. A no^er of people were ready to be perauadad 
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April I, 1970 



and will undoubtedly adopt the course, A number of others will t«ke more 
persuading but at least they will give some consideration to our methods. 
1 feel that in general the workshop served the purpose for which it was 
intended. 

Let mc know if I can help with your workshop program. 

Sincerely yours, 

^•^^ A. A. Strassenfaurg 

cc: Gene Davenport 
Lewis Bassett 
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EaRLHAM CotLEGE 
RICHMOND, INDIANA 47374 

28 April 1970 ■ ' 

t 



Dr. Elizabeth A. Wood 
37 Pine Court 

Hew Providence , Kew Jersey 0797^ 
Dear Betty: 

# 

Thanks for your letter of April 21. 1970. I will be glad to take care of the 
PSNS Workshop at Southern Illinois University at Carbondale on. May 23. I call- 
ed Dr. Sullivan at SIU this afternoon and made the preliminary arrangements. 
He expects to have betweeh 30 and 50 people there from the southern part of 
Illinois and the southeastern area of Missouri. He plans to start the workshop 
at nine, continue until twelve and then from one until two-thirty. I will 
propose the following schedule: 

9:00 Introduction (1+5^ minutes) 

The Philosophy and Approach of PSNS 

The PSNS text. Resource Book and Supplement 

9:1+5 Experiments and Discussion (2 hours, 15 minutes) 

The participants will follow the thread of the text by 
performing the following experiments and discussing 
the intervening material. 
Exp. 1-1 Salol Experiment 
3-2 Colored. Objects 
k-1 'Young's Double Slit Experiment 
k-H Demonstration of the Ripple Taxik Experiment 
5-3 Cleaving Crystals 
12-2 A Simple Electric Circuit 

12~k A Mechanical Analog to Conduction in Solids 

12:00 Lunch 

1:00 Continuation of Morning Session (30 minutes) 
g^p, 17.3 Physical Properties of Sulfur 
17- U A Model of Sulfur 

1:30 Discussion and Question Period (60 minutes) 

1. Scheduling the Course 

2. Laboratories and Equipment 

3. Examinations 



2:30 



Ad J oumment 



270 



Dr. Elizabeth Wood 



28 April 19T0 



I thizit..tii.at this. will keep everyone usefully busy. . 

.1 am writing to Gene Davenport giving him a list of the equipment I will need with 
the suggestion that he send it here. I will take some of our PSNS materials from 
here, ripple tank. Mechanical analog, etc. I plan to drive. Upon completion of 
the workshop I'll send you a report and a hill for my services to Lew Bassett. 

Some time ago Gene Davenport gave my name to Richard C. McLeod of the Science & 
Math Teaching Center at Michigan State. He is Program Chairman for the National 
Science Teachers Association, Great Lakes Regional Conference to he held on October 
B, 9, 10 at Grand Rapids, Michigan. As a result I have agreed to do a workshop on 
■October 9 from 3:30-5:00. I hope that PSNS will be able to pay my expenses even 
though the arrangements were not made in the usual. way. Will ycu please let me 
know so that if PSNS cannot support this I am sure that Wiley will .since the arrange- 
ments were made through them. 

The summer institute seems to be shaping up well. We had 120+ applicants and now 
after only 20 phone call we have committments from 30 participants . Henry and I 
have worked out a schedule and we plan i,o do Chapter 5 on June 30 and Chapter 6 
on July 1, would it be possible for you to plan to come to Richmond for one or 
both of these days. If some other day that week would be more convenient we can 
make the necessary adjustments. 



Best wishes, 

Stuart E. Whit comb 
Professor and Chairman 
Department of Physics 
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CHABOT COLLEGE 



255S5 Hesperian Boulevard • Haywabd. Caufornu • Telephone 782-3000 



division of Science and Mathematics 



May 4, 1970 



Dr. Elizabeth Wood 
37 Pine Court 

New Prpvidence, N. J. 0797^ 
Dear Betty: 

After two successful PSNS workshops I can now write you some 
of the details. 

On March 1^ I directed a workshop at. South Texas Junior College 
in Houston. It was attended by more than'^20 teachers from nearby 
junior colleges, four-year colleges and universities. During the 
day we not only discussed PSNS an a style that could only be de- 
scribed as the relaxed atmosphere of the South *s hospitality, but 
we performed the following experiments: 

1. Experiment 1-1 Salol 

2. 1-3 Potassium permanganate 

3. 4-1, 2 Young's double slit experiment 

4. 4-3 Using the wavelength of light determined in 4-2 

we determined the grating spacing in the mesii. 

5. 5-3 Cleaving crystals 

6. 13-1 Collision probabilities 

7. 14-2 Migration of ions 

This selection was made to show the diversity of the PSNS 
course, and yet reveal the main stem. There was something for the 
physicist and something for the chemist. 

South Texas Junior College, although it is located in the old 
Merchants and Marketing building in 'downto%m Houston, had first-rate 
lab facilities for the PSNS Workshop. There were regular height 
tables and chairs (as against lab tables and stools). Mr. Frank 
Price, charman of the science department, cooperated in every way. 

At the conclusion of this workshop, nearly every participant 
came forward, shook ray hand and thanked me for going all the way 
to South Texas to tell them about PSNS. They each indicated that 
they were impressed with the purposes of the course and with the 
way it was being carried out. I feel sure that PSNS made some good 
friends on that day. 
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On April 25 I conducted a similar workshop at Portland State 
University in Portland, Oregon. Olhere were 40 in attendance at 
this workshop, representing some 27 institutions. There were re- 
presentatives from junior colleges, state colleges, private 
colleges, and universities in both Washington and Oregon. I again 
conducted the same escperiments and with success. 

fhe southern hospitality was replaced by the ftfiendliness of 
the Pacific Northwest - for the most part. (Dhere were some pompous 
professors in attendance who looked upon all this cleaving, scratch- 
ing slits, and marble rolling as so much tomfoolery • Shey did 
watch, however, and even returned for the afternoon session! 

The facilities at P&rtland State University were good, but 
having 40 participants meant that we saw more rooms and labs at 
Portland State than I saw in Texas. This made for° some inconvenience 
but Dr. Bruce Kaiser did a splendid job of taking care^ of local 
arrangements. He, as you know, is in the general science department 
there. 

Again many of the participants personally expressed their 
thanks upon the completion of the workshop. I'm sure that we made 
some more good friends. 

Although not a workshop, and although not arranged through the 
good offices of PSNS-Wiley, I gave a talk on April 18 to a meeting 
of the California Association of Chemistry Teachers. This was an 
honor and I told them so. But I also tactfully and with good humor 
scolded them a little for their lack of interest in teaching physical 
science and their lack of interest in future elementary school 
teachers. 

That I hit home was made clear by both their warm applause 
and their comments and questions at the end. Comments had to be 
cut short (after 20 minutes) for the next speaker. The meeting 
took place at' West Valley Community College in Saratoga, California, 
just west of San Jose. 

I did enjoy conducting these workshops, Betty, and talking 
about PSNS to the chemists. It is a great course; I like it even 
more after having taught it. 

My very kind regards to you and to Sandy, 




Stuart J. Inglis 
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APPENDIX E-3 
Four Mewst otters and a Special Coiwwmicatfon 
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•m£ PSHS PROJECT NEWSLETTSl NO, t 
Q^cmbmrg t$65 

Background and PH! ogophy 

During t963 and \96k th% Cami%%^en on Cetlage Physfcs and 
the Advisoi-y Council for Collie Ch«aH»try aponaored a larias of con- 

e 

forancas to encourage the birth of a project to dasfgn a new course in 
physical science for nonsc fence wajors. As an outgrowth of these con- 
ferences the PSNS Project was born in April at Rensselaer Poly- 
technic Institute, Troy, New York, under a grant frow the National 
Science Foundation, with Professor Lewis G. Bassett of the Chemistry 
Department of RPI as Director, Dr. Elizabeth A. Wood of the Physical 
Research Departmant of Bell Telephone Laboratories as Associate 
Director and Chairman of the Advisory Board and Professor Robert L. 
Sells of the Physics Department of the State University of New York 
College at Gencseo as Associate Director* 

Other meabers of the 1965 staff of the project were as follows» 

John J. Baneitfiez 
Department of Chemistry 
Southern Methodist University 
Dallas, Texas 

Stanley C. Bunco 
Department of Chemistry 
Rensselaer polytechnic Institute 
Troy, New York 

Wilfred E. Campbell 
Department of Engineering 
Rensselaer Pol y technic Institute 
Troy, New York 
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Earl I. Carl yon 

Department of Physfcs 

State University of New York at Genes^ 

Geneseo, New York 

T. Handley Diehl 

Department of Science Education 

Miami University 

Oxford, • Ohio 

Walter E. Eppenstein 
Department of Physics 
Harvard University 
C^bridge^ Massachusetts 

J. Lawrence Katz 
Department of Physics 
Rensselaer Polytechnic Institute 
Troy, New York 

Harry M* Landis 
Department of Physics 
Wheaton Col lege 
Norton, Massachusetts 

Samuel H. Lee / 
Department of Chemistry 
Texas Technological University 
Lubbock, Texas 

Harry F» Meiners 
Department of Physics 
Rensselaer Polytechnic Institute 
Troy, New York 

Earl J. Montague 
Department of Science Education 
Ball State University 
Muncia, Indiana 

Lyman V, Racster 
Department of Chemistry 
Rensselaer Polytechnic Institute 
Troy, New York 
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At^t J. Ktad 

0«p«r taunt of PhytUs 

St«te Unfv«r«1ty of Nan York «t Onoont* 

On«ont«y Naw York 

Frank J, Reynold* 
DopartMnt of ChoRilstry 
West Chester State Cot lege 
Vfest Chester 9 Pennsylvania 

Robert Resniek 
Department of Physics 
Rensselaer Polytechnic Institute 
Troy, New York 

Russet 1 K. Rickert 
Department of Physics 
Vest Chester State College 
West Chester, Pennsylvania 

Richard S. Sakurai 
Department of Physics 
Western College for Women 
Oxford, Ohio 

Lois Smith 

Department of Chemistry 
Russell Sage College 
Troy, New York 

Paul Westmeyer 
Department of Chemistry 
University of Texas 
Austin, Texas 

El nor a Wright 
Department of Education 
Montana State College 
Bozeman, Montana 

The PSNS Advisory Board is constituted as fotlovfs; 

Lewis G. Bassett, Rensselaer Polytechnic Institute 

Alan N. Holden, Bell Telephone Laboratories 

Frank R. Kitle, N.Y. State Department of Education 

Arthur H. Livermore, AAAS 

Charles C. Price, University of Pennsylvania 
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fiob«rt R8sniek« RftnsulMr Folyuehnle InstUuti 
Robert L. S«!tf, SUU Unfv«r»Uy of N.Y. Colteg* «t 

Elizabeth A. Wood, Betl Telephone Laboratories, 
Chairman 

The purpose of the Project is to develop a new t^e of 
course in physical science to be^^iven in liberal arts colleges and 
teacher training institutions to nonscience majors. The primary target 
is the prospective el emen tar y- school teacher, but the course may prove 
suitable for other categories of students. 

The prospective elementary- school teacher will have a 
strong influence on the minds of our future citizens during their most 
impressionable years. Most prospective elementary- school teachers are 
not science oriented. Many of than have a sense of anxiety and personal 
inadequacy in science. Since this distress may well be transmitted to 
their students, we feel that it is a task of importance* to provide the 
prospective el ementary- school teachers with a sense of being at home 
with science, the confidence to do things with their own hands, and an 
appreciation that curiosity and a child-like desire to experiment are 
closer to the spirit of scientific research than memorizing facts from 
an encyclopedia. 

To this end the student of physical science must have 
time to investigate and must be enticed into wanting to investigate. 
The research scientist commonly gets his in^etus for investigation 
from coming upon something puzzling and he eagerly goes about finding 
out vi^at he needs to know to solve the puzzle. Those designing the 
PSKS course hope to capture seme of this impetus by proceeoing from 
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through the need to know. To do thi* tekeft tlm«» To §«1n t<»e the 
subject wetter au»t be drastlcatly tiisfted. 

We have chosen to focus attention on the nature of solid 
matter end how «e ffnd out about it. This includes some excursions into 
the investigation of liquids and gases because of the light such investi- 
igation sheds on the nature of sot ids. This area was chosen not onty 
bacause the material is so inextricably involv^^with both physics and 
chemistry as conventionally defined, but becaise it seeaied to us titat 
many single experiments could be performed by the student in such a 
course* 
Experiments 

Experimental experience is central to physical science. 
It should be central to any course in physical sci(Hice. Since some 
colleges do not have laboratories available to these students the PSNS 
staff has designed a number of '« take-home" experiments ii^ich require 
nothing more than a table top and a source of running water in addition 
to some simple inexpensive equipment supplied in kit form. Descriptions 
of these experiments are an integral part of the text. 

Another type of non-1 aboratpry experiment is the chair- 
arm experiment, an experiment designed to be performed by alt students 
in the class simultaneously on the arms of the chairs in the lecture 
room during the lecture period. 
"Regular lAoratory " 

In some colleges i^ere a regular laboratory period Is 
part of the physical science course, the instructor may wish to have 
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the students do the Htake^hcmeit experiments In the laboratory roomj 
but the usual time restrictions should not be li^osed. 

Some ^^xercises" in existing 1 Moratory manuals are 
appropriate for use with this course and can be recommejided* It is 
likely that additional ^regular 1 aboratory^' experirnents wilt be gen- 
erated by the PSNS staff in the future for the benefit of those colleges 
where regularly equipped laboratories are available for the students 
of this course. 
Form of the Course 

One of most important ingredients in the success of 
a course is the enthusiasm of the instructor for teaching it. He will 
prc&ably have more enthusiasm for it if he has had som share of respon- 
sibility in creating it. For this reason, the form of the PSNS course 
consists of a Main Stem of subject matter %^ th associated exper iments^ 
reading^ etc. and ^^Optlonal Packages^^ of subject matter, experiments, 
etc. to be intercalated with the Main Stem material at the option of 
the instructor. 

The Main Stem material does not assisne knowledge of any 
of the Optional Package material. The Optional Package material assumes 
only knowledge of the Main Stem material. 
Pace ..... 

The student must have time to observe, to wonder, to 
generate hypotheses, to experiment and to read material other than the 
text if he is going to get the feel of par ticip^^tlon in scientific in- 
vestigation which we hope he will get from this course. The instructor 
must never feel that he has to say «We haven « t time to go into that be- 
cause we have to cover the material of the course^U No course covers 
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the lAote of physical sience. The selectfon of waterUt cowed is 
bou^ to be sanewhat arbitrary. The instructor lAo encourages the 
student to investigate further soiiething vfhich puzztes him even though 
this may mean omitting other parts of the course is acting in the 
spirit of the originators of PSNS, 

Even when the pace is leisure! y enough to allow such 
investigation, there should be time to include «o»e of the Optional 
Package material. For this reason the Main Stem material must be less 
than that appropriate for a one- year course. 
Proc|ress to Date 

The PSNS staff listed in the early part of this Ne*«- 
letter met at Rensselaer Polytechnic Institute throughout the summer 
of 1965 to produce the Main Stem material i^ith associated non-labora- 
tory experiments. Optional Packages, the Instructor^ Sourcebook, 
problems and examination questions, as well as regular laboratory 
experiments, were considered to have lower priority and will be pro- 
duced later. A nuni>er of existing films, largely those produced by 
Chem Study and PSSC, were critically revie*»d by the staff and some 
were recamnended for use wf th PSNS. In a number of cases, the staff 
felt that parts of the film would be appropriate whereas other parts 
wuld not, but there was not time to make the necessary arrangements 
for such editing before the 1965-1966 trial of the PSNS material. 
Annotated Table of Contents 

In the following table, the chapter titles arc as they 
app&ar In the text, but the notes are Intended for your information. 
They are not the section headings used In the te^t. 
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AH APPROACH TO PHYSICAL SCIENCE 

VoliBne 1* ' 

Chapter 1. YOU'^AND PHYSICAL SCIENCE 

Introduction. Observation, duestions. Experiments 

Chapter 2. WAYS AND .MEANS 

Measurement. Time. Space. Temperature. Weight. 

Chapter 3. A LOOK AT LIGHT 
Color. Wave model of light. 

Voli^e 2. 

Chapter k, INTERFERENCE AND DIFFRACTION 

Resolution. Single and double slits. Two- and three-dimen- 
sional gratings. 

Chapter 5. CRYSTALS IN AND OUT OF THE LABORATORY 
Growth crystals frc«n melts and solution^ Minerals. 
Periodicity evidence. 

Chapter 6. WHAT HAPPENED IN 1912 

The story of the Von Laue experiment. (This brings together 
Threads developed it] Chapters k and 5)* 

Volume 3* 

Chapter 7. MATTER IN MOTION 
F=ma. . Work. Energy. 

Chapter 8. MOLECULES IN MOTION 
Gases. MoleculeSn Kinetic theory. 

. Chapter 9. SOLID MATTER: A CLOSER LOOK AT DIFFERENCES 
Properties of matter. Melting points. Boiling points. 

Chapter 10, FORCES INSIDE MATTER 

Search for force that might be responsible for the attraction 
between particles of matter (and also the repulsion that fixes 
distances). Gravitational force explored and discarded. Electro 
static force explored and accepted as preferred hypothesis. 

Chapter 11. ELECTRIC CHARGES IN MOTION 
Potential. Current. Units defined* 

Volune ^0 

Chapter 12. MODELS OF ATOMS 

Hi stori c development • Electronic configuration. Energy levels. 
Chemical symbols. 
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Ch»ttr !3* lOMS ANO OTHm HQNGS 

E1«ctro1y«f« of mitts «n4 totutiom. Sf«pt« md copipt«x ions. 
Chtnlcat formlu, and equationau 

Chapter t4. CRYSTAL STRUCHiRE OF AN IONIC SOLIO 

Voluma 5* 

Chapter 15- MOLECULES 
Chapter SOILING IN A COVALENT SOLID 
- Chapter 17. CHEMICAL REACTIONS 
Chapter 18. SO V«AT 

Wiat have we learned about ti^e nature of scientific investigation? 
What have we discovered ^out the world around us? Tirough *#iat 
avenues wilt we continue to broaden and deepen this knowledge? 

Samples of the Text 

The foltowir^ excerpt from the text has been diosen to show the 
level and style of seme of the material. The level increases in «ophisic»- 
tion and difficulty as the course progresses. 

From Chapter Is Section 1-4 

1.4 Answerable and Unanswerable Questions 

In the history of science, some of the most important contributions 
have consisted of asking the right questions, cpestions which laid bare the 
heart of a prob1«n and which were answerable by a specific experiment or 
sequence of experiments. It is much harder to ask this kind of question 
than it is to ask a very complicated question which involves a broad body 
of knowledge in its answer. Childred often ask very complicated questions, 
answerable fully only by a highly specialized expert. "How do you make 
an atomic bonis?" "Why is grass green?" "What makes water so wet?" 
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SoTOft ^ucition* are • niitUr of , ««nMint1c», invetving the part- 
icular meaning that you escribe to a word In the question, "What do you 
mean by wet?" If your answer is <*>ehaving tike water," then the question 
becomes, 'Why does water behave tike water?" and the <Avious answer is 
<eecause that's what it 1$.» if, however, you mean by wet the ablfity 
to spread out over a surface and make close contact with its every hump ' 
and hollow, then the question Is a deeper one. 'Vhat is It, in the 
chemical and physical nature of water, that gives it this surface-cov- 
ering ability, unlike mercury', for instarwe?" 

A song that was popular seme years ago contained the questions. 
•Wow deep Is the ocean? How high is the sky?" These are two very 
different kinds of questions. The depth of the water In the ocean vai-ies 
from zero at the shore to some maximum depth which has been measured 
and recorded by oceangraphers; we could look this up In a b^k on ocean- 
ography. To answer the second question, we need to ask the questioner 
what he means by the word slc^. If he thinks of It as a flat lid on a 
flat earth like the celling of a room, then we have a 1 ot of educating 
to do. Or perhaps he n«ans,., '%low far away are the stars?" and 
must learn that the nearest one 1$ so near that light from It can 
reach us In k years, but that most of them are much farther away. 
Or perhaps he means "How deep Is the Earth's atmosphere?" in which 
case we have to tell him that there Is less and less air as you go 
up from the surface of the earth, and we have to decide how little 
air we will accept as still constituting some air. This may lead 
him to ask, as scientists have In the past, 'flow can air qet to be 
less and less? If there is less air, Is It In separate bits or Is 
It spread out thin, and what do you mean by thin air? What thins it?" 
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Th««« V rftfffcult ^Mtlens. V#i«i sdantlst* are c^nfrontsd by d!f- 
f I cut t questions, they frequently resort to making simple models in their 
imagination and the model they have made to answer these questions about 
thin air and other gases wilt be one of the subjects of this course, 

« 

Cooperation with ESI 

The staff of Education Services, Inc. ha^ been most cooperative 
i^ making avail d>te to PSNS the fruits of their Tabors. Anyone lAo sees 
the PSNS text witt recognize that such things as the rippte-tank f^oto- 
graphs and the peg-board support for chemical esqjeriments have been taken 
directly from ESI projects. We wish to take this opportunity to express 
our gratitude for their very helpful cooperation. 

Current Trials 

During the academic year 1965-66 the PSNS materials that are 

available are being tried out in the following colleges; 

Ball State University, Muncie, Indiana 

Miami University, Oxford, Ohio 

Montana State College, Bozeman, Montana 

State University of New York College at Geneseo, N.Y. 

Webster College, Webster Groves, Missouri 

West Chester State College, West Chester, Pennsylvania 

Wbstern College for Women, Oxford, Ohio 

The text is given to the students in spiral -bound booklets each 
of vrfiich comprises a few chapters. The materials required for the experi- 
ments are shipped to the instructors in the amounts needed. 

The Main Stem text was not completed by the end of the suimer of 
1965, though first drafts of all chapters had been written and duplicated 
for distribution to all members of the staff. The work of revision of the 
first drafts and preparation of the printed booklets has been carried on 
by six members of the staff. Including the director and associate directors, 
during the academic year. 
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Future Plans 

During the summer of 1966 some of the Main Stem material 
villi be revised In the light of the current trials and the staff 
will proceed w1 th the production of the additional materials orlg- 
Inally planned. 

During the academic year 1966-67 It Is anticipated that 
most, perh$ps all, of the colleges now -trying the course will repeat 
It and that a few more colleges will be added. 

^ The following conditions will apply to the acceptance of 
additional colleges for trial, 

//l. The course, including the experiments which are an Integral 

part of it, must extend over the full academic year. 

2. The Instructor must agree to s:ane to Rensselaer Polytechnic 
Institute at Troy, New York for a two-week farill^lng session 
August 23-September 3, 1966. His traveling and subsistence 
expenses will be paid by the Project but he will receive 

no stipend from the Project. 

3. The cost of all equipment for performing experiments will 
be borne by the Project* 

4. The Project will not bear the full cost of the text book- 
lets, but may be able to bear part of the cost. 

Those interested in trying the course during the academic 
year 1966-67 are invited to write to Or. Elizabeth Wood, Bell Tele- 
phone Laboratories, Murray Hill, N.J» Since it is desirable that 
the colleges trying the course be varied in type so that we may dis- 
cover what groups the course serves best, you are urged to describe 
as fully as possible the nature of your college, the place the course 
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would occupy the curriculum and th« type of student who wsnitd be 

taking the course* 

If you would tike to receive subsequent Issues of the PSNS 
Project Newsletter, please give your namie and £:ddress on the btank 
below and mall It to Professor L.G. Bassett, Rensselaer polytechnic 
Institute, Troy, N.Y., 12181, or address a letter to Professor Bassett 
Those i^o received ^1s letter through the mall will automitlcal 1 y 
recel ve '^subsequent newsl e t ter s . 



Professor L.G. Bassett 

Walker Laboratory 

Rensselaer Polytechnic Institute 

Troy, New York 12181 

Dear Professor Bassett; 

Please send me THE PSNS PROJECT NEWSLETTERS as Indicated 

* 

below 

Nam; 

Address I 



Newsletter No* 1 
Subsequent Newsletters 
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The PSNS Project Newsletter Ho. 2 
November 1966 

The Physical Science for Nonscfence Students Project located at 
Rensselaer Polytedinfc Institute, Troy, New York, is now a year and a half 
old. The National Science Foundation has just awarded an extension to the 
grant to continue the project for another two years until the fall of 1968 
tafhen its termination is planned by its directors. For this two-year period 
its administrative staff will be as followss 

Director: Lewis G. Bassettj Professor of Chonistry, R.P.I. 

Associate Director and Chairman of the Advisory Boards Arnold A. Strassenburg; 
Director of Education and Manpower, American Institute of Physics; Professor 
of Physics, State University 6f New York at Stony Brook 

Associate Director: Robert L. Sells? Chairman of the Department of Physics, 
State University College at Geneseo, New York 

Associate Director: Elizabeth A. Woodj Research Physicist, Bell Telephone 
Laboratories, Murray Hill , New Jersey 

These, with the following additional members, will constitute the 
Advisory Board of the Project. 

Donald F. Hoi comb; Professor of Physics, Cornell University 
Alan Hoi den; Research Chemist, Bell Telephone Laboratories 
Frank R. Kille; Director of the Office of Science and Technology of the 
New York State Education Department 

Arthur H. Li vermore; Deputy Director of Education for the AAAS 
— Charles r. -price; Chaiman of the Department of Chemistry, University of 
Pennsylvania 
Robert Resnick} Professor of Physics, R.P.I. 

James Werntz; Associate Professor of Physics and Director of Minnemast 
Project, University of Minnesota 

The first Newsletter, issued in December 1965, described the back- 
ground and philosophy of the PSNS Project and the form and content of the 
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course, giving a sample of the texc. Copies of that Newsletter are available, 
on request, from the Director. 

It Is the purpose of this Newsletter to report project activities 
since December I965, and to discuss future plans. 

Results of 1965«66 Trials 



During the academic year 1965-66 the PSNS materials were used in the 
following institutions: 

Ball State University, Muncie, Indiana 

Earlham College, Richmond, Indiana 

Miami University, Oxford, Ohio 

Montana State College, Bozeman, Montana 

State University of New ^'ork College at Geneseo 

Webster College, Webster Groves, Missouri 

West Chester State College, West Chester, Pennsylvania 

Western College Yor Women, Oxford, Ohio 

Nearly all of these were enthusiastic about their experience with 
PSNS and are teaching it again this year. One Instructor described the 
difference between PSNS and the physical science course he had previously 
taught as a difference in the sense of participation that his students 
felt. 

Since I am from a small school, I get many opportunities to talk 
to my former students. Whenever we talk about scientific things, the 
typical kind of phrase whi<± my former standard physical science students 
-use is "those things you showed us". A typical kind of phrase used 
by my former PSNS students is " those things we did". I think the 
difference between those two phrases is all the difference in the world. 
The differences are evident between the words you and we, and between 
showed and did . 

Figure I shows some wAperimenters acquiring this sense of 
participation. They are growing salol crystals on a glass slide, right in 
the lecture room. This is a " chair-arm experiment" that is performed on 
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Figure 1 

the first day of the course, to convince the students that the course will 
be centered in experiment and that science Is a do-it-yourself thing In 
whidt they can participate. We hope It will encourage them to raise questions 
about the fom?at1on of a solid with a beautifully regular shape out of « 
formless liquid, and about the role played by heat, the nature of melting and 
crystal tization. 

One student complaint v^s frequently reported by the teachers In 
the early part of the courses since the material was interesting and seemed 
to require mostly common sense, it was not really science because science 
was, they were sure, dull and incomprehensible. Robert Karplus has suggested 
that we need " a bitter-coated sugar pill" for such students. 
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Although wa have sent fnform&tlon out only on request and given 
talks about PSNS only when invited, we are finding that the interest .in 
the course is very widespread. This interest originates in the feeling 
on the part of many college teachers that they are npt offering a suitable 
course in physical science for nonscience students. An excerpt from a 
typical letter, dated 11 March I9£6, follows: 

At this college I teach the physical science course for non-science 
and elementary education concentrators. For some years I have been 
troubUd by the non-scientifi.c orientation of many of those preparing 
to teach in the elementary school. At titles this amounts to mi apathy 
and even sometimes to a distinct antipathy towards science. I share 
your feeling that these people especially should learn to feel at home 
with the fundamental concepts of science. By the proper kind of course 
they could probably be motivated to undertake simple scientific investi- 
gation and perhaps to catch some of the fascination of research which 
they could then transmit to their pupils. 

The new PSNS course appeals to me so mad\ that I should like to learn 
more about it and to try it next year. Toward this end I am enclosing 
a summary description of our college, its physics department, the 
physiCTi science (»urse, and the proposed place which the new course 
would have in the curriculum. We would be gratified to be selected as 
one of the colleges to help pilot this course. 

r-om the same teacher came the following letter, dated 23 September 
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At last I have begun teaching the PSNS course. I had my first classes 
yesterday and my first lab today. 

Their initial response to the PSMS Physical Science was very 
encouraging. I hopo I can manage to keep them enthusiastic. Thank you 
so much for inviting us to help pilot this course. The briefing session 
at R.P.I, was very helpful, I found it extremely stimulating 

Briefing Session for PSNS Teachers 



The briefing session referred to was under the direction of 
Professor Arnold A. Strassenburg of the' State University of New York at 
Stony Brook. His report of this session follows. 
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During the last two weeks of August t966, teichers of physical 
science courses from Institutions across the nation gathered at Rensse? %r 
Polytechnic Institute to familiarize themselves with the written materials, 
the experiments, and the philosophy of the PSHS Course. These tead^ers 
are now using the second edition of the PSNS text — which has wore questions 
and problMJs than the first version as well as revised experiments — and 
the first of several supplementary chapters most of which are still under 
preparation. The group will provide feedback which will lead to another 
revision of the materials, and they will also help the PSNS staff assemble 
a Resource Book to help additional teadiers to use the materials in future 
years. 

As group leader for this briefing session, 2 am delighted to 
report that the interaction seemed to be profitable for all concerned. This 
happy result flies in the face of all reasonable expectation. The partici- 
pants were a wildly inhomogeneous lot, and I was personally bewildered in 
attempting to plan activities whidi would take advantage of the diverse 
experiences and valuable critical faculties of the group while still allowing 
adequate time to explore the peculiarities of our apparatus and the importance 
of certain teaching techniques. 

As the list below will reveal, some of these trial teachers are 
enployed by large universities, some by small two-year colleges. State- 
supported institutions frequently teach physical science courses for 
prospective elementary school teachers, but private colleges are also well 
represented among those that are looking for something new irr the way of 
courses for nonscience majors-, apparently both groups believe PSNS may meet 
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their needs. Some ©f these tcichers were trained primirity as physic! st«« 
some as chomistis, and some much more broadly as science educators* 

The courses they teadi dfffer almost as much as the teachers* 
Some are required in a teacher-preparfition-currfculum, some are elected by 
a variety of liberal arts majors. Some courses award four saaester hours 
of credit, others only three. Trials have been conducted with classes as 
large as 8S0 students and as small as fifteen. The only cpnttion requirements 
are that each course is taught for a full academic year, and eadi makes 
some provision for laboratory work and demonstrations. These were ironclad 
requirements among the 1$66 criteria for selection of tral institutions. 

"Hie following were included afi-.ong the scheduled events for the 
briefing sessions 

(1) The participants and staff members performed selected PSMS experi- 
ments. Later we held post-lab disoissions to compare experiences and 
discover how to extract the most from each lesson. 

(2) Specified sections of the text were discussed in detail. The 
participants played with devastating effect (on me) the role of curious 
but uninformed students. These sessions had two very beneficial effects. 
They caused us again and again to reexamine the very in^ortant but 
difficult technique of leading students to discover truth about nature 
and ways of drawing general conclusions from observations without 
telling them too much in .m authoritative way. In addition, the wide 
practical experience of these teachers enabled them to indicate to us 
numerous places where either the students or teacrters would need 
additional help. 

(3) Examination questions were constructed and disse4.ted without mercy. 
Every one of us profited from hearing how ambiguous our best efforts 
seemed, even to a fellow teacher who knows the subject. 
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ik) Some problem sets were ^solved and discussed in deUft. Again 
U was enlightening to see how mudi each teadier could contribute 
to the lessons to be learned from a simple, thought-provoking 
question. 

(5) Films and supplementary reading materials were reviewed, and 
'^apparatus designed to assist in presenting certain concepts was 
danonstrated. 

The result of all this activity is that the course authors will 
now have their hands full making many Improvements suggested by the alert 
and critical participants, and the teachers will be busy for the coming 
year in their efforts to put into practice the many valuable suggestions 
made by colleagues and by PSNS staff members. This mutually profitable 
interaction will, we hope, continue throughout the duration of the course 
trials. 

Staff members who made especially valuable contribvitlons to these 

sessions are the followings 

(0 Elizabeth Wood, who led several stimulating discussions about the' 
marvels of crystals and whose curiosity and powers of reasoning embody 
the spirit of the course. 

(2) Earl Carlyon, our apparatus expert, who arranged to h?ve the equipment 
for every experiment ready and working when needed, and whose own 
experiences as a teacher of PSNS he related with great enthusiasm. 

(3) H.M. (Jim) Landis, the editor of our Resource Book for teachers, 
who provided many valuable suggestions to help the teachers and who 
received in return many more to help future generations of teachers. 



2i7 



ik) Richard Sakurai, our probtsja and 'exsal nation writer, who 



presented us with more clever questions than we found tirae and skill 
to analyze adequately, 

(5) end (6) Stanley Bunce and Lyman Racster, whose excellent knowledg 
of che-nistry and experience as course authors filled in voids in ray 
own qualifications as group leader. 

The real credit for a successful briefing , session, however, goes 
to an enthusiastic group of teachers who are willing to go that extra mile 
to provide meaningful science experiences for their students. They are 
listed below with institutional affiliations; 

CCOPERATIMG TEACHERS 

Nassau Community College, Garden City, N.Y, 
Green Mountain College, Poultney, Verrnont 
Bishop Loughlin High School, Brooklyn 
State University College at Geneseo, New York 
University of Cincinnati, Cincinnati, Ohio 
Harford Jr. College, Bel Air, Md. 
University of Texas, Austin 

Florida A.and M. Universi ty,Tal lahassee , Florida 
Fairlefgh Dickinson University, Madison, N.J, 
Mansfield State College, Mansfield, Pa. 
Arkansas State Teadiers College, Conway 
Western College for Women, Oxford, Ohio 
Newark State Teachers College, Union, N.J. 
l/illanova University, Villanova, Pa. ' 

Brooklyn Diocese, Brooklyn, New York 
College of Notre Dame of Maryland, Baltimore 
Alyerno College, Milwaukee, Wisconsin 
College of St. Benedict, St. Joseph, Minnesota 
The Colorado College, Colorado Springs 
Meramec Community College, St, Louis, Missouri 
Earlham College, Richmond, Indiana 
Blownsburg State College, Bloomsburg, Pa. 
University of Kansas, Lawrence, Kansas 

x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x 
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Mrs, Shirley Aronson 

Lawrence W. Boothby 

Brother James Donohue 
' Earl L. Carl yon PSNS 
\ Dona Id Christian 

James D'Amario 

David Gavenda 

Mrs, Israel E. Glover 

Z.L. Loflin 

R.H. Mason 

Denver L. Prince 

Richard Sakurai PSNS 

A, A, Silano 

Sister J. Daniel 

Sister M. Avi la 
Sister B. Handrup 
Sister Paschal 
M.K. Snyder 
Joseph Walka 
Stuart E. Whitcomb PSNS 
N.E. White 
William LaShier 
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Figures 2 find 3 show some of thesa teachers In action during the 
August briefing session and Figure k Is £. r.-p of the distribution of the 
pilot colleges during the academic y^ar 196^-^7. Esch of these colleges 
receives free equipment for all experiments. In addition, about half the 
cost of the text is borne by the project. Neither of these subsidies will 
be continued after the current acade-ic year. 

Because of limitations both of' bucigwt and of operational procedure 
during this trial period, many colleges applying for participation in the 
program were not accepted for the year 1 960-67. 

Feedback 

Some mention of feedback has already been made. Following is a 
further discussion by Professor H.M, Landis, Assistant Dean of Wneston 
College, Norton, Massachusetts, who is in charge of PSMS feedback. 

x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x 

Feedback in the PSNS Project was begun the moment the project 
began. . The summer staff at R.P.I, in 1965 was made up almost entirely 
of college teachers who had long been concerned with problems in science 
education-, their reactions to the ideas and suggestions broyght up in dis- 
cussion were, from the very first, candid and instantaneous. As we progressed 
from the talking into the writing stage, we made somewhat more formal 
arrangements. The output of every contributor was duplicated and a copy 
put into each mail box. There were times when the volume of " first drafts'* 
to be read reached staggering proportions, but read them we did, and then 
sent them back to their authors, copiously marked in red. And the informal 
face-to-face feedback continued unabated, from before breakfast until late 
coffee at Thornie's all night restaurant. 
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PSNS Cooperating Colleges, 1966-67 




^Iverno College, Milwaukee, Wisconsin 100. 
Arkansas State Teachers College, Conway, krk. 
BloomsDurg State College, Bloomsburg, Pa. 
Catholic Diocese of Brobklyn, New York 
College of Notre Dame of 
College of St, Benedicc, St. Joseph, 
Earlham College, Richmond, Indiana* 
'K'airleigh Dickinson Univ., Madison, N. 
S'lorida A & H, Tailanassee 
3reen Mountain College, Poultney, Vt, 
Harford Junior College, Bel Air, Wd. 
Mansfield State College, Mansfield, Pa. 
Meramec Community College, Kirkwood, Mo 
»liami University, Oxford ,^ Ohio*' 
Montana State College, Bozeman, i4ont 
^^assau Community College, Garden City, 
^46wark State College, Union, N. J. 
State University College at Geneseo, Genesee 
The Colorado College, Colorado Springs, Colo 
Univ. of Southwestern Louisiana, Lafayettu, 
University of Texas, Austin, Texas ,94_ 
rfebster College, Webster Groyes, Mo.* 30 
western College for Women, Oxford, Ohio* 16 

;^Colleges that also taught PSNS 1905-66 
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Hie first feedback fro.Vi tha c':.££roon c£5*.e when school started" ' 
in Septeniber snd trial use 07 tha coii.-ss i-Ci^tn at eight participating 

colleses. Tne reports were very parsonul cr.c' subjective. However, they 
, did give us valuable i nforma flc.-i alsoui: the ways in '^-.ich students reacted 
to our work. We had a discussica of the reports and ii,:pressior,s during a 
one -day iT.ee ting in January 1S66.. Ihe first everjt of our second sumrner at 
R.?.I. was a week-Ions, page-by-page discusi.an and criti^que of the entire 
course ar.d text by the f/irst year tria; taad-ers and c:-.. su.%T;er writinc 

staff. All of this served as a guide for the real work of the sun-jner: 
editing and revising the text, and beginning the Resource Book f,or teachers. 
Every step along the vjay was subjected to the sama instant feedback as we 
had had during the previous ye^r. 

For our second year of .:ria'. teaching, involvlr.g about two 
do2en participating colleges, we cevelop^d a standard and fairly objective 
form for th.^ instructors to use in evaluating each' chapter as they coiriplete 
•it. The inforrnation we get will play a vary important role in the final 
revision of the taxt next surrjyier and, in datennining the forra and content 
of the Resource Book. At present this book, in loose-leaf form, is a 
collection of background infor^ratf on, tips, explanations of text materia/, 
references and suggested problems; things that the staff felt the teacher 
might find useful in addition- to what was in the text. (The one well- 
organized exception to this is an excellent set of very complete instructions 
for the preparation and carrying out of each of the experiments, almost, 
entirely the work of Professor Earl Carl yon of State University College 
at Geneseo, New York*) The feedback information will not so much change 
all of this as it will help us to organize it more effectively and to 
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recognize the arees needing extra emphasis. We plan to get out a full 
preliminary edition of the Resource Book next summer. There is mu<A to 
do, but we think we are on the right track. 

x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x 

Questions and Examinations 

One of the big tasks which was not undertaken during the first 
sumner was the preparation of suitable ^estions and problems to accompany 
each chapter as well as additional ^estions for use by the teacher as 
homework or examination questions. In addition, a pre-test. mid-test and 
post-test were to be administered by the teachers for the Project as a 
test of the course's achievement of its goals. Although many of the 
members of the Project have contributed to questions for all of these 
categories, the mrin burden of this task has rested upon Professor 
Richard Sakurai of Western College for Women, Oxford, Ohio, Professor 
Sakurai's report on this work follows. 

x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x-x 

One of the hardest tasks in the design of any new course is the 
design of homework problems and examinations. In this course, since the 
process by which we discover scientific knowledge is as important as the 
nature of the knowledge itself, the homework problems and the exoninations 
cannot be of the standard types. We have tried to design homework problems 
not just to pursue the scientific concepts but also to stimulate further 
facility with the type of thought processes involved. For example, problems 
might involve the organization of new ideas, or the formulation of questions 
which occur In new situations and the design of experiments to shed light 
on these questions. One of the difficulties in writing such questions and 
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problems is ?n finding situations whicli ara new^ yet simple, and Mch 
can reasonably be expected to he solved by the type of student y:e have 
in this course. ' 

A second difficulty is that such ruestVcns are best answered 
by essays in Whidi the students have the freedom to discuss the problei? 
and suggest ..various approaches to a solution. However, the task of 
correcting papers of this sort when the class is large places too heavy 
a burden on the instructor^ especially if such cuestions are used on 
examinations. A tv-pe of question that can be marlcsd cuicl<1yj such ss a 
jnulti pie-choice cuestion, seems to be a necessity in such situations. Vet 
if we want our evaluation of the ability of the students to reason wall 
in matters pertaining to physical science to be the primary consideration, 
a standard multiple-choice exarr.in2.ti on is unsatisfactory. 

To get around this impasse, we have additionally designed what 
is, to us, a new type of examination question. V.'e have written a two-part 
multiple-choice question. The first part gives a list of answers to the 
o.uestion itself. The second part gives a list of reasons for the answer. 
We have required that the choice for both parts be correct for the total 
answer to the question to be correct. This type of 

question is difficult to write, since we must not only try to thirJ< of all 
the answers which the students might reasonably select, but also all the 
types of reasoning they might use. We do think we have succeeded in doing 
this and that this type of examination could be graded quickly. The 
following is a sample question. 
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A r«Aoat fl«de entirely of wood iMtie to sink to the 

bottom by putting water in it, because • 

(a) can be (b) cannot be (c) «in sometiwes be 

(1) The combination of boat plus water weighs wore than enough. 

(2) The density of the combination of boat plus water can be 
varied by varying the amount of water added. 

(3) The density of wood is less than the density of water. 

(Answers b3) 

One cf the ways in whid> students judge a course is by the 
material emphasized in homework assignments and examinations, since the 
students assune that these indicate mudt of what we want them to take from 
the course. This means that we as the designers and instructors of the 
cou.se have a special responsibility in our choice of homework and . 

examination <juestions. 

Much of the success or failure of the student's response to these 
questions will be evident only to the individial instructor, as he is the 
only one who knows the context in v^ich these questions are given. The 
PSNS staff has felt that" it would be desirable to have a single examination, 
taken by all students as a test of the course materials. Therefore, in 
addition to the questions and problems and suggested examination questions 
supplied to the teacher for his own use, we have designed a series of 
uniform "evaluation tests" to be given the students in all the partici- 
pating colleges. These tests contain simple multiple-choice questions, 
but some of the questions are designed to find out how much they know about 
scientific thinking processes. For example, we present a common everyday 
situation and then ask them to choose from a list of questions those that 
would be appropriate questions to ask if we wanted to learn more about the 
given situation. In some cases more that, one choice is appropriate. 

255 
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Thi^ has been a most interesting job for me, as it necessarily 
involves carefut and penetrating consideration of the real aims of the 
course* 

Attitude Evaluation by an Independent Agent 

Since a n^jor goal of the project is attitude reorientation, 
it would have been desirable to enlist a professional testing service 
in an effort to determine whether changes of attitude toward science were, 
in fact, achieved. The assurance of continued support from from the National 
Science Foundation was not received in time for us to contract for such 
services this year. 

Summer Institute 

During the summer of 19o7, an eight-week Surjnar Insititute 
in physical science will be held at Rensselaer Polytechnic Institute, with 
Professor Arnold A, Strassenburg of Stony Brook and Professor Stanley C. 
Bunce of R.P.I, as co-directors. Professor Strassenburg will act as chief 
^nstcuctor, assisted by Professor Bunce of the Chemistry Department, 
Professor Wilfred E. Campbell, Chemistry of the Materials Engineering 
Department of R.P.I. , and Professor Robert t. Sells of the Physics 
Department of the State University College at Geneseo, New York. 

Attendance at this Institute will not be limited to those 
who plan to teach the PSNS course the following year, but It is 
anticipated that many of those attending the Institute will be PSNS 
instructors. Special classes will be given in chemistry for those whose 
background is stronger in physics, and in physics for those whose back- 
ground is stronger in chemistry. It is hoped that this will facilitate 
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th« teaching of an integrated physical science course by a single 
instructor, a result desirable for any course in physical science. 

Those interested in participation in this sunmer institute 
should write immediately to; 

Professor A.A.K. Booth, Director 
Division of Special Programs 
Rensselaer Polytechnic Institute 
Troy, New York, 12181 

•The application forms which will be sent in response to such an 
inquiry must be filed by February IS to insure consideration. 

Future Plans 

The directors of the PSNS Project plan to have the text 
materials available in a third preliminary edition for the fall of 1967 
and the final edition, accompanied by a Resource Book,will be in the hands 
of a commercial publisher by the fall of 1968. The equipment for experiments 
will be conmercially available from one or more suppliers. Neither the 
equipment nor the text will be subsidized by the project after June 196?. 
Equipment costs are likely to be about $30 per student and the cost of the 

text probably under ten dollars. 

During the briefing session in August 1966, it became dear that 
discussion with PSNS staff members and fellow teachers was of great value 
in clarifying the philosophy of the PSNS approach and that without such 
contacts the 1966-67 teachers might have had difficulty because of trying 
to teach this new course in the way they had previously taught physical 
science. Hopefully, the Instructor's Resource Book will contain a 
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sufficiently full discussion of the PSNS spprosch to enab]e a 
future teacl-ier to proceed without the ben^/ic cf such face-to-faca 
discussions, but it may be that further iriefir.£ sessions end institutes 
will be desirable. 

At present the plan is to welconie a wider expansion of the 
use of the course during the year 1957-63. Tl-sose interested in ' 
participating in this use shoujd v;rita, before March 1, to: 

Prov^^s^cr Arnold A. Strassenburg 

Stats Un! varsity of New York at Stony Brook 

Stony Brook, New York 

Additional copies of this Newsletter may be obtained from 

Professor Lewis G. Eassett 
Rensselaer Polytechnic Institute 
Department of Chemistry 
Troy, New York^ 12181 
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The PSHS Project Ke*(»1etter No, 3 
Oecembcf 19^7 



Many of you who read this PSNS Newsletter No. 3 will already be famil- 
iar wi^K-the PSNS project, wi th the course, and with its philosophy of teach- 
ing. For you, we hope this Newsletter will be a meeting of good friends. For 
those of you who are not acquainted with or know but little of the PSNS course, 
we hope to introduce this course to you with this Newsletter. 

It has long been recognized that many of the students are not sci- 
ence majors feel some antagonism toward science. If they do not feel antag- 
onism, they may feel a fear of science, or, at best, they have feelings of. 
detachment from science. Yet many of the college students who fall in this 
category are preparing .to become teachers in the elementary schools. If 
those students carry these negative feelings of science on with them, then, 
as teachers, they will propagate those feelings to their young students. 
These teachers- will be unprepared or unable to teach a unit in science which 
excites the imagination of their students. The elementary students are very 
apt to acquire their teacher's negative feelings and" attitudes, toward science. 
The process is circular in nature; teachers influence students who later be- 
come teachers. 

It was with hope of breaking into that circular process that a series 
of conferences were held in 1963 and These conferences were sponsored 

"jointly by the Commission on College Physics and the Advisory Council for 
College Chemistry. The primary result of these conferences was the forma- 
tion of a project to develop a course in physical science at the college 
level which would Interest the nonscience student rather than frighten him. 
That project, called the PSNS Project (Physical Science for Nonscience Stu- 
dents), is now in the final year of its preparation of a course designed to 
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pr««nt phy«ic«1 scitnct to the nonscienct student with • tignif 1c«ntly 
new approach. Although the epproech may be new to science teaching ft is 

» 

not new to science* 
^ The PSNS Project was formed in 1965 and since that'time it has been 
supported by the National Science F<H«ndation, and has enjoyed the physical 
facilities of Rensselaer Polytechnic Institute in Troy, New York. The aem- 
bers of the advisory board and staff who created the course are. listed at 
the end of the Newsletter. 

The Purpose of the PSNS Course 

The purpose of the PSNS course is to present physical science to non- 
science students in a way that interests them rather than antagonizes them. 
; The course sfiould spark curiosity rather than fear in the student. 

The original intent was to encourage the future elementary school teachers 
to embark on an exciting unit in science. That original intent has been pre- 
served and extended. The course is still directed to the student who shies away 
from science, but it has teen used in a variety of institutions to satisfy a num- 
ber of demands. In addition to being used in teacher training courses, it is 
teing used to satisfy the science requirement for graduation from colleges and 
universities. It is also being used in a number of two-year colleges. It has 
been used for in-service training of teachers. The expanded use of the course, 
has not altered either its purpose, its nature, or its effectiveness. The 
value of its purpose has been proven; the key to its effectiveness is the 
teacher. 

The Nature of the Course 

Science progresses by building models based on observations, then using 
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those model* to make predictions, and finally, by experiment, testing to 
^determine whether those predictions are borne out by further <^servation$. 
Eventually the scientific world tries to formulate general statements each 
"of which describes a wide variety of observable phenomena. The PSNS course 
stV^ves to do the same. The approach of the course is empirical. Th^ stu- 
dent iix^upplied with relatively simple equipment and more often than not is 
encouraged^^ devise his own methods to seek out the observations which will 
be the basis fdr building a model of the particles which comprise a gas, for 
example, or a moder^a crystal, or of stsme other aspect of matter. 

It has been the frt^ent of the project to avoid an encyclopedic type 
of course. It is recognized^st^hat no one can teach all of physics, chemistry, 
astronomy, and geology in one year to the nonscience student. Every physical 
science instructor must select those portions of the subject which he thinks 
win either interest his students or be the most significant to them. More 
often than not, however, what the instructor teaches depends upon his own back- 
ground and interests. The PSNS staff chose to direct the student's attention 
to the structure of solid matter, with initial emphasis on the ionic crystal. 
The course draws on those aspects of physics and chemistry which are needed 
to build a working model of solid matter. By restricting the amount of sub- 
ject material covered, the PSNS course is able to probe in greater depth. 

The choice of solid matter as a framework for the course was made for 
practical reasons. The study of solid matter involves both chemistry and 
physics, and it can be easily extended to include geology and astronomy. In 
addition, the study of ionic crystals provides many simple 'yet significant 
laboratory experiments which the students can perform. 

Since the course 1s not encyclopedic in nature, it is easier for the 
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teacher to avoid the stereotyped I eeture-lab course* PSNS Is not a *tStudent« 
you Hsten tomeJ*' course; it fs a it student, I«t*s think togetherl** course. 
The teacher is acre effective if he enlists the student's natural curiosity to 
develop the ideas and models required. The teacher is encoiiraged not to tell 
the students stall about it,tt rather the teacher is encouraged to elicit ques- 
tions from. the students. Very often these probing questions wilt lead to the 
fon»4lation of a model that satisfies the requiremoits set forth by the class. 
The learning is done by the students as they/ with the help of the teacher^ 
probe the subject being discussed. There is a lot of class discussion,t a tot 
of give and take between the student and the teacher. This type of ^proach, 
of course, works much better with a class of 2k, for example, than it does 
with a class of ISO; but both have been tried. 

If the laboratory experiments are going to be used to build models, then 
those experiments must be well chosen. The equipment, built by Damon Educa- 
ticMial, Inc., is specially designed to enhance the effectiveness of the course. 
For example, crayons and color filters are well matched; a mark on i^ite paper 
by one of the red crayons cannot be seen by looking through the red filter. 

< If the experiments are such an Important part of the course, they must 
be discussed by the class. Not all of the students will obtain the same re- 
sults and the differences in their results should be discussed. The PSNS staff 
feels that not all experiments should go like clock work. Science isn't like 
that. 

> 

By avoiding sophisticated equipment the students can become aware that 
ideas, significant ideas, can be developed from experiments using simple 
equipment- equipment that might be found in any elementary school classroom, 
for example. Most of the experiments are performed in the laboratory, but 
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all can be performed on a smooth table with a supply of water and a sink 
nearby. Among those experiments requiring heat, an alcohol burner will 
suffice for all but a few. An example of a PSNS laboratory experiment Is 
the determination of electrical conductivity of substances as a solid, as 
a melt, (for those which melt at convenient temperatures), and In aqueous 
solution (for those which dissolve in water). The materials are classified 
as having; (1) a high conductivity, (2) a low conductivity, and (3) a neg- 
ligible conductivity. For this purpose a flashlight bulb Is used Instead 
of an anineter. The conductivity of matter is used to help build first a 
model of the ionic crystal, and later a model of nonionic material. 

Some experiments are ^ * take- home' * experiments. The student Is either 
given the equipment or Is asked to supply his ovm simple equipment, and the 
experiment Is performed outside the classroOT^. An exan^l e of a take-home ex- 
periment Is the flipping of one-hundred coins In a box to Illustrate the law 
of entropy. This experiment Is used to help understand the n^ltlng and dis- 
solving of a crystal on a microscopic level- 

Other experiments are what we call * ^ chair-arm^ ' experiments. (Signif- 
icantly, the term is chair-arm not arm-chair.) The chair-arm experiments can 
be done in the classroom rather than in the lab, and the results can be dis- 
cussed right then and there. One chair-arm experiments is the melting and 
growing of sal ol crystals. Magnifying lenses are supplied for this and other 
experiments. 

Some of the 60 experiments in the course have been designated demonstra- 
t'"on experiments. These experiments are either safer, significantly less ex- 
pensive, or more effective when done as a demonstration- One example of a 
demonstration experiment is the chemical combining of zinc and iodine during 
which iodine vapor is liberated rather freely. Another exan^le of a demon- 




stration experiment is the tying of four balfoons togjether to help the stu- 
dent visualize, the tetrahedral shape of the cloud model of the carbon atom. 

The equipment has been built to be effective, unsophisticated, and not 
expensive. It is estimated that for the first year of using PSNS, the cost 
per student will be about 30 dollars depending on the number of sectiois. 
For succeeding years when only the expendable equipment will be purchased, 
the cost per student is estimated to be only about 10 dollars. The entire 
course can be taught with this equipment, but some teachers have supplemented 
the PSNS equipment with equipment ..they already have. One guideline of the 
PSNS course is to avoid overwhelming the student with very sophisticated and 
mystifying equipment. 

Mathematics is used when it is needed, but rather than being a problem 
solving course, it is a model building course. Bragg* s law is used to illus- 
trate how the lattice spacing in a crystal is measured. Kinetic and potential 
energy are expressed mathematically. The mathematics is used primarily to illus- 
trate the fact that many ideas can be expressed more simply when written math-- 
ematically than when written in English. 

Because the coc^rse is limited In its coverage, a number of supplementary 
chapters are being prepared to be used along with the text. These supplemen- 
tary chapters will cover a variety of subjects not covered in the J*main stem'^ 
of the coi-rse, sich as: geology, astronomy, magnetism, and acids and bases. 
They may be used by the teacher to supplement and extend the class work in 
a number of ways. The teacher may choose to have the entire class study one 
or more supplementary chapters, or he may let students who proceed faster than 
the rest of the class study a supplementary chapter, and he may even have those 
students report to the class. It is the purpose of the supplementary chapters 
to provide a more flexible course; no two teachers teach exactly the same course. 
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Progress of the Project 

The course Is now in Its third year of developracnt. During the aca- 
demic year 1965-66 it was used at eight colleges (listed at the end of this 
Newsletter) and during the year 1966-67 it was used at 23 colleges and uni- 
versities. The instructors at each of those colleges agreed to supply the 
writing staff with their coirments, critical or otherwise, on the text, the 
experiments, and the laboratory equipment. This feedback from the teachers 
was given both in writing and in a series of feedback sessions. During each 
of these feedback sessions the teachers and the writing staff sat together 
and hashed out the text chapter by chapter over a period of several days. 
Large portions of the text, some of the experiments, and some of the equip- 
ment were changed during the writing of the 2nd preliminary edition, and 
again in the 3rd preliminary edition. Most of these changes were made in 
response to the teacher's suggestions. 

The staff feels that with some minor changes, the course is now well 
developed. These minor changes will be made during the current academic 
year in preparation for the final version. The third preliminary edition 
and the final version of the text are being published by John Wiley and Sons, 
Inc., N.Y. 

Teacher's Resource Book 

Since the course is different from other physical science courses, and, 
more important, since the approach required. to teach it successfully is dif- 
ferent, the PSNS staff is preparing a Teacher's Resource Book. This book 
discusses the text, section by section, chapter by chapter. Reasons are 
given for the arrangement of subject matter and the thread of thought is 
discussed. Suggestions for teaching methods and suggestions for discussions 
that go beyond the text are given. If a particular development is treated 
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only lightly In the text, that development is often presented in more detail 
in the Resource Book, or at least the teacher is told wliy it is not discussed 
in detail • 

The experiments are discussed in detail in the Teacher^ s Resource Book 
and helpful suggestions are given the teacher. The teacher is warned of any 
difficulties lhat might arise with an experiment and where the students might 
go astray* 

The questions and problems which appear throughout the text are answered 
and discussed in the TeacherU Resource Book. If the problem has a numberical 
solution, that solution is given. If the question calls for a discussion, the 
pertinent points pf that discussion are given. Often, the reasons for includ- 
ing a particular question or problem are given. 

A film bibliography accompanies each chapter of the Resource Book and 
an annotated bibliography to other books is included. 

Reaction to the PSNS Course 

Student and teacher reaction to the approach offered by the PSNS course 
has been very favorable. It is interesting that during the first two or three 
weeks of the course, students feel uneasy and insecure. They haven ^ t been 
qiven all kinds of stuff to memorize, they haven* t been asked to work problem 
after probl em; ^ they have been asked to observe and to think. The student wor- 
ries how he is going to be evaluated; it would appear that very few students 
have ever had a course of this nature before. However, as the semester pro- 
ceeds, the students begin to understand and appreciate the approach; they be- 
gin to ?tudy differently than they had before. One teacher was told by one 
of his students that the PSNS course changed her study habits for all of her 
classes. During that semester she made the Dean^s honor roll for the first 
t i me . 
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Many of the students who entered the course with a fear of physical sci- 
ence find that they actually enjoy the course. «'To be perfectly honest, I 
stilt don't care for science as much as for the other fields, but at least I 
don't dread coming for this class as I dreaded high school chemistry." "Phy- 
sics, that ominous and terrifying course which I was fearful of taking, has 
suddenly become the most interesting and exciting course I have taken in sci- 
ence. « I 

Student evaluation^is more difficult in this course than in standard 
physical science courses. Questions which call for a brief but written dis- 
cussion by the student are of even greater value to the teacher and student 
of PSNS than in a standard course. Objective- type questions, although not 
entirely inappropriate, must be written very carefully. Extensive memoriza- 
tion of facts is not a useful study technique for this course. 

Teacher reaction to the PSNS course can be demonstrated by pointing out 
that the opening of one of the feedback sessions was postponed by teachers 
spontaneously expressing their enthusiasm over this approach. This is not to 
say. that teaching PSNS is easy. In fact, most of the teachers agreed that at 
least for the first year or so, it is more difficult to teach than a standard 
course in physical science. It is difficult because the approach is different 
the teacher has to reorient his thinking- His 'Mecture notes" are not lec- 
ture notes; they are not apt to be an outline of the subject to be discussed 
that day, an outline that guides Ms lecture to the near neglect of the stu- 
dent. The teacher's notes are more apt to include guides for him that will 
enable him to draw questions from the students, guides to stimulate discus- 
sions. Waybe the course could be ca]]e6 a dialogue between the teacher and 
the class. 
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But If It is more difficult to teach PSh|\ than a standard physical sci- 
ence course, the teachers find it more gratifjflng. The students really do 
become interested, they rea]]y do observe when they used to watch. They 
really do enjoy offering suggestions to build a model of the crystal, or of 
the particles in a gas. 

One of the current PSNS teachers. Sister Beata Ruggle, SAC, at Mbr- 
illac College, St. Louis, Missouri, writes: 

! enjoy teaching the PSNS course, more so than any 
other science or math course that I ever taught in any of my 
25 years of teaching experience. And I always liked teach- 
ing. The integration of lab and lecture has been achieved 
in PSNS. The students appreciate this aspect very much- 

Summer Institute 

Under a grant from the National Science Foundation an institute was held 
during the summer of 1967 at the Rensselaer Polytechnic Institute in Troy, New 
York with a two- fold purpose. The PSNS course, its philosophy and content were 
discussed completely and in detail. In addition there were sessions in phy- 
sics and chemistry held each day for prospective PSNS teachers to brush up and 
extend their knowledge in one of the two fields. Teachers with a strong back- 
ground in physics attended the chemistry section, and vice versa. The teachers 
who attended the institute feel much better prepared to teach the PSNS course 
in particular and physical science classes in general. 

It is hoped that there will be another institute at RPI during the sum- 
mer of 1968. 

For information about the course and the summer institute write to: 

Professor A. A. Strassen'arg 
Department of Physics 
State University of New York 
Stony Brook, New York 11790 
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PSNS Hater ial s 

A brochire on the course and materials, and a catalog of the laboratory 
eqi-ipment are now being pre;l,-red hy John Wiley and Sons, Inc. You can obtain 
copies of the brochure and catalog, and should you be consider'ng the adoption 
of PSNS, you may also receive a copy of the text and the Teacher's Resource 
Book by wri tina to: 

Mr. Tom Sears 

John Wiley and Sons, Inc. 

605 Third Avenue 

Mew York, M.Y. 10016 

Information copies of the Teacher's Resource Book and additional copies 
of this Newsletter may be obtained by writintj to: 

Dr. Lewis G. Bassett 
Department of Chemistry 
Rensselaer Polytechnic Institute 
Troy, New York 1 21 8l 

T he PSNS Staff 

Most of the work on the project fias been done during the summers, although 
a good deal of work has also been done durinq the academic year. Earl Carl yon 
continues 'o work on. the experiments and equipment, and works closely with the 
staff of Damon Educational, Inc. H.M. Landis conlimes his work on the Teacher's 
Rt^source Bg( k. This year is different from the previous years, however, for the 
book is woin:) intt, final production. Boca, s-- ot this increased I'.ad, Gtiarl 
Inqlis has ob:a\nvd a 1 f ave of abscr.c f r on^ Chabot College in Califor-nia and 
works in '.\-w ~'ork full : i me on the project. He w^rks clost-ly w^'th the staff 
of ^uhn W'lcy and 3cns, Inc. a- idinn the bofik into prodcction. 

Thf personnel t t''e PSNS Prc/iect art--. 
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A. Members of the Advisory Board 

Lewis G. Bassett, Rensselaer Polytechnic Institute (196^-68) 

Walter E. Eppenstein, Rensselaer Polytechnic Institute (1967-68) 

Donald F. Hoi comb, Cornell University (1966-68) 

Alan N. Hoi den , Bell Telephone Laboratories (196^^-68) 

Frank R. Kille, New York State Department of Education (1964-68) 

Arthur H. Livermore, American Association for the Advancement of Science (1964-68) 

Charles C. Price, University of Pennsylvania (1964-68) 

Robert Resnick, Rensselaer Polytechnic Institute (1964-68) 

Rober L. Sells, State University of New York College at Geneseo (1964-68) 

Arnold A. Strassenburg, State University of New York at Stony Brook and American 

Institute of Physics (1966-68), Chairman of the Board, 1966-68. 
James H. Wernt2, University of Minnesota (1966-68) 

Elizabeth A. Wood, Bell Telephone Laboratories (1964-68) Chairman of the Board, 
1964-66. 

B. PSNS Staff (Dates refer to summer writing conferences) 

Director: L. G. Bassett, Rensselaer Polytechnic Institute (I965, 66, 67) 
Codirector: W. E. Eppenstein, Rensselaer Polytechnic Institute, Troy, New York 
Associate ^^^^^^ 

Directors: R. L. Sells, State University of New York, Colleqe at Geneseo 
(1965, 66, 67) 

A. A. Strassenburg, State University of New York at Stony Brook 
(1966, 67) 

E. A. Wood, Bell Telephone Laboratories (I965, 66, 67) 

S. F. Aronson, Nassau Conmunity College, Garden City, Now York (1967) 
J. J- Banewicz, Southern Methodist University, Dallas, Texas (1965) 
S. C. BL'nce, Renssel a.cr Pol y technic Institute, Troy, New York (I965, 66) 
W. E. Campbell, Rensselaer Polytechnic Institute, Troy, New ^ork (1965) 
£. L- Carl yen, State University of New York at Geneseo, Geneseo, New Yurk (1965, 
r6, 67) 

M, T. Clark, Aqnes Sco'. t College, Decatiir, Georqia (1966) 
T. H. Oiehl . Miami University. Oxford, Ohio (196s) 

W. E. Eppcrslein. Rensselaer Polytechnic Insti'ite, T-. y. Now V.rk (196V) 

0. F. Mo] comb, Curncl ! University. TtSaca, r.'ew York (196f) 

H. B. Hollirver. Rensselaer Polytechnic Inslitv.tc. Troy, New York. M96') 
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S. J. Inglis, Chabot CoUege, Hayward, California (1966, 67) 

J. Katz, Rensselaer Polytechnic Institute, Toy, New York (1965) 

H. M. Landls, Wheaton College, Norton, Massachusetts (1965, 66, 67) 

S. H. Lee, Texas Technpl oglcal University, Lubbock, Texas (1965) 

A. Leitner, Rensselaer Polytechnic Institute, Troy, New York (1967) 

W. J. McConnell, Webster College, Webster Groves, Missouri (1966) 

H. F. Meiners, Rensselaer Polytechnic Institute, Troy, New York (1965) 

E. J. Montague, Ball State University, Muncie, Indiana (1965) 

L. V. Racster, Rensselaer Polytechnic Institute, Troy, New York (1965, 66, 67) 
A. J. Read, State University of New York at Oneonta, Qneonta, flew York (1965)' 
R. Resnick, Rensselaer Polytechnic Institute, Troy, New York (1965, 66) 

F. J. Reynolds, West Chester State College, West Chester, Pennsylvania i:i?65) 
R. K. Rickert, West Chester State College, West Chester, Pennsylvania (1965, 

66, 67) 

R. S. Sakural, Webster College, Webster Groves, Mi ssour 1 (196S, 66, 67) 

J. Schneider, St. Francis College, Brooklyn, fJew York (1966) 

L. Smith, Russell Sage College, Troy, New York (1965, 66, 67) 

A. A. Strassenbirg, State University of New York at Stony Brook and American 

Institute of Physics (1966, 67) 
P. Westmeyer, Florida State University, Tallahassee, Florida (1965, 66, 67) 
S. E. Whitcomb, Earl ham College, Richmond, Indiana (1966, 67) 
E. Wright, Montana State College Bozeman, Montana (1965) 

E. A. Wood, Bell Tel ephone Laborator i es, Murray Hill, New Jersey (1965, 66, 67) 

The Trial Colleges and Instructors (Numbers in parentheses are approximate 

numbers of students 

A. Ou'rinq the academic year 1965-66 

Ball State University, Muncie, Indiana; E. J. Montague ( 880) 
Earlham College, Richmond, Indiana; S. E. Whitcomb (20) 
Miami University, Oxford, Ohio; T. H. Diehl (20) 
Montana State College, Bozeman, Montana; N. Kutzman (30) 

State University of Hew York College at Geneseo, New York; E. L. Carl yon (15r) 
Webster Colleqe, Webster Groves, Missouri; W. J. McConnell (30) 
■ West Chester State College, West Chester, Pennsylvania; R. K. Rickert (40) 
Western College for Women, Oxford, Ohio; R. S. Sakurai (10) 
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B. During the academic year 1966-67 

Alverno CoUeqe, Milwaukee, Wisconsin; Sister B. Handrup (100) 
Arkansas State Teachers College, Conway, Arkansas j D. L. Prince (59) 
BlooiTisbi/r<5 State Cclleqe, Bloomsbi-rg, Pennsylvania; N. £. White (100) 
Catholic Diocese of Brooklyn, New York; Brother J. Oonohue, Brother Gratian 

Ohmann, Sister J. Haniel (110)'* 
College of Notre Dame of Maryland, Baltimore, Maryland; Sister M, Avila (55) 
College of St. Benedict, St. Joseph, Minnesota; Sister Paschal (50) 
Earl ham College, Richmond, Indiana; S. E. Whitcomfa (25) 
Fairleiqh Dickinson University, Madison, New Jersey; C. Grove {kO) 
Florida A and M, Tallahassee, Florida; Mrs. I. E. Glover (10) 
Green Moi ntain College, Poui tney, Vermont; L. W. Boothby (50) 
Harford Junior Colleqe. Bel Air, Maryland; J. O'Amario (70) 
Mansfield State College, Mansfield, Pennsylvania; R. H. Mason (I50) 
Meramec Coimiuni ty College, Kirkwood, M'ssouri; J. Walka (1"0) 
Miami University, Oxford, Ohio; T. H. Diehl ( 1 5) * 
Montana Stat^ College, Bozeman, Montana; N. Kutzman (65) 
Nassau Community College, Garden City, New York; S. Aronson (35) 
Newark State College, Union, New Jersey; A. A. Silano, J. Wagner (100) 
State University College at Geneseo, Geneseo, fiew York; E. L. Carlyon, 
R. L. Sel ! s ( 1 50) 

Th« Culorado Colleoe, Colorado Springs, Colorado; M. K. Snj-der (30) 
Universify of SoLthwestern Louisiana, Lafayette, Loiisiana; z. L. Loflin (50) 
University of Texas, Avstin, Texas; D. Ga^enda, R. Anderscm (95) 
Webster College, Webster Groves, Missouri; W. J. McConnel 1 (30) 
Western College for Women, Oxford, Ohio; R. Sakcrai []fy) 

C . T'-'e present acad emic year 1 9 6 '-68 

There are no trial colleaes at present. Now that the text is pi.'blished by 
a cdnimercia] piblishinq ho-.-se in i s essentially f-nal revision, any colleqe 
may -n'rodi-ce the course into its cr r i c: Uet,. Both written (text and resoi,rce 
book) and experimental materials may be ordered from the publisher, John Wiley 
and Sens, inc. At present aboot 2^00 sti den's are lak-n:- the PS^'.S coirse in 
36 -'ns t i ti : • ons scattered ! hr otqhoi. t the cointry. 

In- scf ce c • se 

t 
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The PSfiS Project Newsletter No. 4 
January 1969. 

3 

Introduction 

This is the last Newsletter written by the PSNS staff to descrfbc 
the Project. National Science Foundation support will terminate in Julie 
1969, about four years from the date of its initiation. This is in 
accordance with the original plan to push the bird out of the nest as 
soon as it could fly. There are now over 10,000 PSNS students using the 
Third Preliminary Edition of An Approach to Physical Science, according 
to the latest figures from John Wiley and Sons, the\^bl i shers who are 
handling the distribution of course materials. Most of the staff goals 
have been achieved. The present status of various project activities 
are described below. 

Publication Plans 

Text: The first hard-cover edition of the text is expected to appear 
as one volume late in January 1969. It has been produced by John Wiley 
and Sons with the closest collaboration of members of the PSNS staff. 
Its final form results from detailed editorial work by Professor Lewis 
G. Bassett, Director of PSNS, and Professor Arnold A. St rassenburg , 
Associated Director and Chairman of the Advisory Board. This edition 
win be presented In a more attractive format than the preliminary 
editions; It will be copiously Illustrated and handsomely printed in two 
colors. It win retain most of the essential characteristics of pre- 
vious editions such as choice of topics, style of presentation, simplicity 
of experiments, open-endednes s of questions, and pace. 
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Teachers Resource Book 

The Teachers Resource Book, which Is thicker than the text, will 
be available in February I969. It will be provided free of charge to 
any teacher teaching the course. 

. The purpose of the Teachers Resource Book is fourfold. 

1. It provides a chapter-by-chapter rationale for the selection and 
ordering of subject matter, and also suggests teaching techniques 
which are in harmony with the overall philosophy of the course. 

2. It supplies detailed discussion of and answers to all questions and 
problems presented in the text. 

3. It lists all apparatus needed to perform each experiment included 
in the text, and provides helpful hints to guarantee satisfactory 
experimental results. 

k. It includes references to ancillary materials which can help the 

t 

teacher enrich student experiences. Prominent among these are 
references to specific pages in other books which treat course topics 
and an extensive, annotated film guide. 
The PSNS Teachers Resource Book and the text An Approach to Physica l 
Science can be ordered directly from John Wiley and Sons, 605 Third Ave- 
nue, New York, New York 10016. The retail price of the text is $8.95. 

Cuppl ementary Cha pters 

Supplementary chapters on four topics have been prepared: Acids and 
Bases, Magnetism, Matter in the Astronomical Realm, Master in the Earth. 
While they last, a limited number of copies of these in preliminary form 
may be obtained from Professor L. G. Bassett, Department of Chemistry, 
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Rensselaer Polytechnic Institute, Troy, New York 12181. 

During the 1 969- 70 academic year, teachers who wish to use these 

\ 

chapters will have to provide thetr own equipment. With few excej^tioas^ 
this will present no insurmountable problems to a teacher with a moderate 
1y well -stocked storeroom. 

These -chapters are being revised and will be published by Wiley, 
probably in a single book separate from the main text, about one year 
from now. 'By that time all equiptient needed to perform the associated 
experiments will also be available from Wiley. 

There are additional supplementary chapters still in manuscript 
form which may ultimately be included with these four. In accordance 
with the original plan, however, it Is anticipated that the number of 
supplementary chapters will be kept small. It is hoped that they will 
add flexibility to the course, but thay are meant to supplement, not 
distract from, the mainstem text. 

Descriptive Brochures 

' John Wiley and Sons have produced two attractive brochures. One 
describes the general nature of the course and lists the table of con- 
tents of the text. The other describes and pictures the equipment 
associated with each experiment and gives a price list and ordering 
instructions. These can be obtained free .of charge directly from WHey. 
A description of the PSNS course was published 1n th*^ October I968 
Newsletter of the Commission on College Physics. Reprlrts of this are 
available from John Wiley and from Elizabeth A. Wood, 37 Pine Court, 
New Providence, N.J. 0797^. 



Newsletters 

A few copies of former Newsletters are still available. These and 
copies of Newsletter No. k can be requested from Prof. Bassett, address 
above, or Prof. A. A. Strassenburg , Department of Physics, State Univer- 
sity of New York at Stony Brook, Stony Brook, New York 11790. 

Equipment 

Orders for equipment, which is provided by Damon Engineering Com- 
pany's Educational Division, are processed by John Wiley. At least one 
other apparatus supplier has advertised his intention to supply RSNS 
equipment, PSNS apparatus is simple and inexpensive. The equif«^ent 
needed for 100 students costs abo^t 00 per student the first year; 
replenishment of expendable^s in subsequent years wi 11 be about one-third 
the initial cost, A catalogue (described earlier) can be obtai^ied from 
Wiley. 

Teacher Institutes and Brief inq '^Sessions 

Summer Teacher Training Institutes, with funding by NSF separate 
from that of the PSNS Project, were held at Rensselaer Polytechnic 
Institute dur'ing the Summers of 196? and 1968 under the joint director- 
ship of Professor S.C. Bunce of RPI and Professor A. A. Strassenburg 
of the State University of N.Y. at Stony Brook. Three proposals for 
1969 Summer Institutes of similar pattern were presented to NSF by 
other colleges. It is now known that none of these will be funded by 
NSF. _ « 

John Wiley has agreed to support two- or three-day briefing 
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sessions for prospective PSNS teachers, and various members of the PSNS 
staff have agreed to participate in these sessions. If several college 
physical science teachers in your region are interested in becoming more 
familiar with the PSNS materials and the philosophy of the course, we 
suggest you register this interest by writing either Mr. Andrew Ford, 
John Wile/ and Sons, 605 Third Avenue, New York, N.Y. IOOI6 or Professor 
'A. A. Strassenburg, address given earlier. 

Historical Summary 

Since this is the final PSNS Newsletter, it seems appropriate to 
review briefly the history of the project. For convenient reference, 
this summary is presented in tabular form below, followed a list of 
the project personnel and their dates of service. ^ 

Project Personnel 

Advisory board : 

Lewis G. Bassett, Rensselaer Polytechnic Institute (196i+-69) 

Walter E. Eppenstein, Rensselaer Polytechnic Institute (1967-69) 

Donald F. Holcomb, Cornell University (1966-69) 

Alan N. Holden, Bell Telephone Laboratories (196i+-69) 

Frank R. Kille, New York State Department of Education (1964-69) 

Arcnur H. Livermore, American Association for the Advancement of 
Science (1964-69) 

Charles C. Price, University of Pennsylvania (1964-69) 
Robert Resnick, Rensselaer Polytechnic Institute (1964-69) 

Robert L. Sells, State University of New York College at Geneseo 
(1964 - 69) 

Arnold A Strassenbu-g , State University of New York at Stony Brook and 
ten-can institu?; of Physics (1966-69), Chairman of the Board, 
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PubHcatlons 



Date 



Event 



April 1965 



Project Initiated at 
RPI with NSF funding 



Summer 1965 First writing conference 
Winter 1965-6 PSNS tried by 8 colleges 



Summer 1966 Second writing confer- 
ence 

Winter 1966-7 PSNS tried fay ZJ 
col le<,3s 



Summer I967 



Third writing confer- 
ence 

First Summer Institute 



Winter I967-8 PSNS used by about 50 
colleges 

Fourth writing confer- 
ence 

Second Summer Institute 



Summer 1968 



Winter I968-9 PSNS used by more than 
lOiOOO students 



June 1969 

C 278 

ERJC 



Project terminated 



Text 



Teachers 
Resource Book 



Supplemtary 
Chapters 



1st Prel im. 
Ed. completed 
and in use* 

2nd Prel im. 
Ed. COTipleted 
and in use* 

3rd Prelim. 
Ed. in prepa- 
ration. 

3rd Prelim. 
£d« completed 
and in use 

Final Ed. in 
preparation. 

3rd Pre! im. 

Ed. still in 
use. 



Personal letters 



None 



St Ed. (not an Acids and 
chapters covered) Bases 



2nd Ed. (all chap- 
ters covered) 

2nd Ed, still in 
use • 



Magnetism 



Matter in 
the Earth 



Fin&] Ed. 3rd Ed. completed Matter in the 

completed and and published. Astronomical 
published Realm 



Equipment 



Produced and 
distributed 
by staff 

Produced and 
distributed 
fay Damon 



Produced by 
Damon; dis- 
tributed by 
Wiley 



Produced by 
Damon J dis- 
tributed by 
Wile^ 



ro 
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James H. Werntz, University of Minnesota. (1966-69) 

Elizabeth A. Wood, Bell Telephone Laboratories (1964-69) Chairman of 
Board, 1964-66* 

Directors and Associate Directors ; (Dates refer to summer writing 
Conferences) ; 

Director- L G. Bassett, Rensselaer Polytechnic Institute (1965, 

66, 67, 68) 

Codirector: W. E. Eppenstein, Rensselaer Polytechnic, Troy, New 

York (1967,68) 

Associate R. L. Sells, State University of New York, College at 
Directors: Geneseo (1965, 66, 67) 

A. A. Strassenburg, State University of New York at 
Stony Brook (1966, 67, 68) 

E. A. Wood, Bell Telephone Laboratories (1965, 66, 67, 68) 

Staff : (Dates refer to summer writing conferences) 

S. F. Aronson, Nassau Community College, Garden City, New York (1967,68) 

J. J. Banewicz, Southern Methodist University, Dallas, Texas (1965) 

S. C. Bunce, Rensselaer Polytechnic Institute, Troy, New York (1965, 
66, 67) 

W. E. Campbell, Rensselaer Polytechnic Institute, Troy, New York. (1965) 

E. L. Carlyon, State University of New York at Geneseo, Geneseo, 
New York (1965, 66, 67, 68) 

M. T. Clark, Agnes Scott College, Decatur, Georgia (1966) 
T. H. Diehl, Miami University, Oxford, Ohio (1965) 

W. E. Eppenstein, Rensselaer Polytechnic Institute, Troy, New York 
(1967, 68) 

D. F. Holcomb, Cornell University, Ithaca, New York (1966) 

H. B. Hollinger, Rensi=elaer Polytechnic Institute, Troy, New York 
(1967, 63) 
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S. J. Inglis, Chalet College, Hayward, California (1966, 67, 68) 
J. L. Kat2, Ren($selaer Polytechnic Institute, Troy, New York (196^) 

H. M. Undis, ]i/<ie^ton College, Norton, Massachusetts (1965, 66, ^7, 68) 

I 1 

S. H. Lee, Texjas T^echno logical University, Lubbock, Texas (1965) 
A. Leitner, Refisse^er Polytechnic Institute, Troy, New York (1967) 
W. J. McConnelt,, Webster College, Webster Groves , Mi ssouri (1966) 

H. F. Meiners, Rensselaer Polytechnic Institute, Troy, flew York (1965) 

/ 

E. J. Montague, Ball State University, Muncie, Indiana (1965) 

L. V. Racster, Rensselaer Polytechnic Institute, Troy, New York (1965, 

66, 67, 68) 

A. J. Read, State University of New York at Oneonta, Oneonta, New York 
(1965) 

R. Resnick, Rensselaer Polytechnic Institute, Troy, New York (1965, 66) 
^' ^' (?965)^^' ^^^^ Chester State College, West Chester, Pennsylvania 

R. K. Rickert, West Chester State College, West Chester, Pennsylvania 
(1965, 66, 67) 

R. S. Sakurai, Webster College, Webster Grooves, Missouri (I965, 66, 

67 , 68 ) 

J. Schneider, St. Francis College, Brooklyn, New York (1966) 

L. Smith, Russell Sag^e College, Troy, New York (1 965, 66, 67, 68) 

A. A. Strassenburg, State University of New York at. Stony Brook and 
American Inst;(tute of Physics (1966, 6?, 68) 

P. Westmeyer, Florida State University, Tallahassee, Florida (I965, 
66, 67) / 

S. E. Whitcomb, ^arlham College, Richmond, Indiana (I966, 67, 68) 
E. Wright, Montana State College, Bozeman, Montana (1965) 

E. A. Wood, Bell Telephone Laboratories, Murray Hill, New Jersey (I965, 
66, 67) 
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Evaluation 



/he Directors and As^'ciate Directors of the PSNS Project have been 
tryi/g to make arrangements for an objective evaluation of Its achieve- 
menis by some^.-person or organization not associated either with the pro- 
duction or 'use of the materials- This effort is continuing. John Wlley^ 
tills us that the text Is ''a best seller in its first year - which is 
/xceptlonal." This may Indicate that the materials are filling a need 
that was felt by those teaching the nonsclence student; it certainly 
indicates that there was a need that was widespread. 

One of our primary objectives Is to improve the attitudes of non- 
science students toward science. We know students respond favorably to 
the course while they are enrolled. Whether or not lasting attitudes 
toward science generally are altered is a more difficult matter to assess, 
but we do intend to have this matter explored as objectively as possible 
during the first year in which final editions of our materials will be 



in use. 



PSNS Materials Put to a Severe Test 

The Institute for Services to Education is engaged in an ambitious 
project involving thirteen predominant 1 y Negro colleges. Approximately 
100 students at each school have volunteered to enroll in a special cur- 
riculum designed to provide liberal arts courses and special skills 
experiences for the students instead of specialized freshman and sopho- 
more courses leading to a degree in a particular discipline. 

We are pleased to report that PSNS materials have been selected 
by the Curriculum Research Group, and seem to be serving the needs of 
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the science teachers and their students reasonably well. It is especial 
.ly pleasing to be able to report that one' of the most imaginative uses 
of the PSNS materials that we have heard about has been developed at 
Lincoln University in Pennsylvania, one of the schools participating in 
the ISE project. We quote below from a letter from Professors Christense 
and Johnson of Lincoln: 

As we explored the chapter on solids dealing with solubility, 
several questions were raised by the students. Some students 
wanted to know whether more salt dissolved than sugar at room 
temperature. Growing out of this study of crystalline solids 
and their structural units, other questions were apparent - does 
this disappearance of these units in water remain the same with 
an increase in water temperature? We also raised the question 
with them - do you know whether salt or sugar behave the same 
in alcohol? 

Professors Christensen and Johnson did not let this curiosity go to 
waste. The students were encouraged to experiment, and a complete re- 
port of their interesting results was enclosed with the letter from 
which wc quoted above. This seems to us an example of excellent teach- 
ing, and is just the kind of activity we hoped PSNS would stimulate. 

We have received thoughtful letters from many who are teaching the 
course. One came recently from another teacher in the curriculum pro- 
ject of the Institute for Services to Education, Professor Melvin 0. 
Smith. He writes, the Thirteen Colleges Curriculum Program "is direct- 
ed at improving the academic growth and attitudes of students in 13 
predominantly Negro coll-ges ... I have read your recent PSNS News- 
letter and I am submitting the enclosed statement for publication in 
your next issue.'' Professor Melvin's statement is repr'inted in its 
entirety below. It seems to us a fittinq way to end uur last Newsletter. 
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Norfolk State College is a predominately Negro Liberal Arts 
Institution located in an urban setting in one of Virginians 
larger cities. Although the college offers a diversified 
academic prS^ram, a very large segment of its student popu- 
lation is the non-science major. Many of these students are 
fearful of science courses and fail to see the relevance of 
being subjected to our traditional physical science courses. 

PSNS materials are being used in an experimental course which 
is a part of a curriculum development project. The aim of the 
project is not only to improve the academic achievement of the 
students but to produce students with a greater appreciation 
of science and the way of the scientist. The curriculum 
development project is being sponsored by the Institute for 
Services to Education and experimental science courses are 
utilizing PSNS materials which are in progress at thirteen 
addi tional insti tut ions . 

Student Responses : 

Student interest in the course is relatively high. They find 
that the materials are meaningful and, for the most part, 
things that they have seen before. (Sone of the experiments 
can be done at home with household equipment). Student parti- 
cipation has increased tremendous 1 v. They ^ook forward to 
classroom experiments and demonstrations. Because of the 
interest and participation, the students seemingly are losing 
some of the fear that is normally associated with physical 
science courses on campus. At mid-term, the advisory grades 
were much better than grades that I have been forced to sub- 
mit while teaching with traditional materials. 

Eva 1 ua t i o n : 

The Pi^NS materials seemingly are moving the students forward, 
however, it would be a bias ^tatcn.ent to ^ay that PSNS i? THL' 
ant'wer to the problem of the non-5Cijnce majors at Norfolk 
3tal? College. The students are progressing re 1 at i ve 1 y we 1 1 , 
but it must be noted that the P'iN3 materials arc supplemented 
by many other materials and techniques. It is safe to say, 
however, that the P:NS riateria]-^ ^ervo a strung nucleus 
around which our course revolvoi. 

Report? from the other par t i c i pa t i nq ccjVoc^es seeningly re- 
flect the sa-re finding and obso!- va ^ i ons that I have made at 
Norfolk Ctate College. 
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AN APPROACH TO PHYSICAL SCIENCE 
March 1 , 1967 



I. 


The philosophy of the ^proach 


ANNOUNCING THE RELEASE OF 






MATERIALS PRODUCED BY THE 


II. 


The Materials 


PSNS PROJECT FOR A COLLEGE 


III. 


How to Proceed if You are Interested 


COURSE IN PHYSICAL SCIENCE 


IV. 


The Personnel of the Project 


FOR NONSCIENCE STUDENTS 


V. 


The Trial Colleges and Instructors 




I. 


The Philosophy of the Approach 






A- For whom was the course designqa? 





Most of the students in the physical science course 1n many colleges are 
elementary education majors. They have had very poor preparation in science 
and mathematics and are afraid of these subjects. It was with these students 
In mind that the PSNS materials were designed. However no mention is made 
of teaching methods and the course is suitable as a .fundanental background 
course for any nonscience student. It should not be taken by students with 
an aptitude for science who have done well in good courses in physics or 
chemistry. 

B. What is important in a course for such students? 

A survey course cannot cover everything. The student tries to remember as 
much as possible and panics on ejcaninations when he forgets what he memorized. 
If he becomes a teacher he feels insecure because he knows the student can 
ask questions which he cannot answer. Such an attitude is remote from the 
spirit of science. 

Central to science is the enjoyment of observing the universe and wondering 
about it, postulating models consistent with our observations and testing 
them in new situations. Thi s is what is important in a course for such 
students. If the student can become Involved in this process, then he is 
sharing with professional scientists an understanding of how we know what we 
know. If he becomes a teacher he can make rich use of the new teaching kits 
that depend on the exploratory approach, rather than being afraid to use them 
because.he does not "know the answers." 

To give the student time to observe and wonder and exptore-on his own, the 
content of the course must be drastically limited. He cannot participate 
reaHstically in scientific inquiry when he is rushed along at a pace not 
suited to his capacities. The choice of a subject area is somewhat arbitrary. 
Seeking an area shared by physics and chemistry and rich In experimental 
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material related to th^ tangible world around us, we chose to focus atten- 
tion on solids, how they behave under a variety of conditions, what models 
we can think up which are consistent with our experimental results and 
what means we use to test the models we have devised. 

C. What pedagogical techniques characterize the course? 

The students for whom this course was designed are likely to start cut 
with a prejudice against it. At best, they are probably disinterested in 
the subject and apprehensive about their inability to handle it. Unless 
we make some progress in overcatiing these attitudes we can teach them little. 

Scientists find science fun. Why? In part because they observe something 
that puzzles them and proceed to learn more about it because they need to 
^<"ow in order to make for themselves a satisfactory model consistent with 
their observations .- They can't always succeed in this and may have to put 
the problem on tfie shelf and come back to it later when further work has 
enriched their understanding of it. 

Commonly we teach students what we know they are going to need and then 
show them a demonstration of what they have learned. This backward proce- 
dure takes away the motivation that the scientist thrives on. The und er- 
lined words in the previous paragraph have served as key words for the 
pedagogical techniques used in the PSNS course. These are honest techniques, 
consistent with real-life scientific investigation. It has been our 
experience, in trials in eight colleges in 1965-66 and twenty- three colleges 
in 1966-67, that the students respond to the sincerity of this approach and 
are motivated by having subject matter withheld until they need to know it. 

D. The experimental approach is central to the course. 

Experiment is central to physical science. It must be central to any 
course in physical science. The experiments in the PSNS course are written 
as part of the text. Some of them can be performed at home or in a dormitory 
room. A few can be performed on the arm of the chair in the lecture room; 
we can these "chair-arm experiments." We have tried to keep all of the 
equipment for experiments simple so that the science is not obscured by the 
apparatus. Where possible we have chosen materials conwoni y available, such 
as rubber bands, paper fasteners and flashlight batteries. With very few 
exceptions the experiments can be performed in a room where the only facili- 
ties are water, a large table and a standard electric outlet. 

II . The Material s 
A. The text 

The course is a full-year course, preferably to be taught in three classroom 
hours and two laboratory hours, but readily adaptable to two classroom hours 
and two laboratory hours j less readily to less time. The text was coopera- 
tively produced by the members of the PSNS staff, all of whom are college 
teachers of physics or chemistry. The first draft, including experiments as 
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an integral part of the 5- volume, l8-chapter text, was wUten at Rens- 
selaer Polytechnic Institute during the summer of I965. It was tried by 
eight colleges (see Section V) during the academic year 1965-66. In the 
light of the feedback from the eight Instructors during one day at mid- 
year and one week In June, the text was revised In the summer of 1966 and 
a new edition, comprising 3 volumes of 17 chapters, was tried by twenty- 
three colleges (see Section V) In 1966-67. The two-day, February, 1967, 
feedback session attended by the 1966-67 Instructors has resulted In minor 
revisions of the first nine chapters (Volume 1 of the two-volume text). 
The complete text wilt be coirerjerclall y published for use during the academic 
year 1967-68. Very slight revision of this text Is anticipated prior to 
the "final" edition of the text. The 1967-68 text will probably cost the 
student about ten dollars. 

The titles of chapters In the 1 966-67 edition are: 

1. You and physical science 

2. When, where and how much? 

3. A look at 1 1ght 

k. Interference of light 

5. Crystals In and out of the laboratory 

6. What happened in 1 91 2 

7. Matter; a closer look at differences 

8. Matter In motion 

9. Energy and the kinetic theory 

10. Forces inside matter 

11. Electric charges In motion 
•12. Models of atoms 

13. Ions 

1^*. The nature of an ionic crystal 

15. Bonding In molecules 

16. Relationships between structure and behavior 

17. What It Is all about 

Numbered questions closely related to specific text topics occur throughout 
the text and questions of a more general sort occur at the end of each 
chapter. Each chapter is supplied with a specific page-referenced, annotated 
list of further reading relevant to the subject matter of the chapter and 
appropriate In level for the students In this course, not a broadside biblio- 
graphy. 

B. The supplementary chapters 

The most important ingredient in the success of any course is the enthusiasm 
of the instructor for teaching it. The directors of the PSNS Project felt 
that an instructor would be more enthusiastic about a course for which he had 
had seme share of creative responsibility. To this end, the intention is 
that the material in the seventeen chapters listed above shall be inadequate 
to fill the time in a full year's course. The Instructor may select at will 
additional "Supplementary Chapters'' according to his own Interests, but 
shoul J not add so much material that it destroys the comfortable pace of the 
course for the students for whcxn It was designed. 
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Suppt«mentary chapters expected to be available for trial during 1967-68 
ares ' 

Some properties of acids and bas'^'- (or^lnteri August, 1966) 

Magnetism 

Equilibrium 

Avogadro's number 

The properties of the nucleus 

Orbits In space 

Additional supplementary chapters that will probably be available for 
' 1968-69 are: e 

The soHd n^atter of the Earth 
Geometrical optics 
Bid ogical mo1 ecu! es 

The supplementary chapters will probably be bound individually, paper 
covered, available separately a cent to the student of less than a 
dol lar each* 

C« The resource book 

The teaching approach of the PSNS course differs from that of most currently 
taught physical science courses for nonscience students. It has been our 
experience that most teachers find it a more difficult approach but richly 
rewarding vghen they have become accustaned to i t. 

The trial teachers during the first two years have either been members of 
the PSNS staff or have attended a two-week briefing session at Riensselaer 
Polytechnic Institute. During the sunroer of 196? a teacher training insti- 
tute will be held at Rensselaer Polytechnic Institute which will be attended 
by some of those planning to teach the course in 1967-68. (See Section III B 
below). However, the directors of- the project know that they cannot hope 
lo be in personal contact with all future instructors of the course and must 
rely upon a resource book to carry to future instructors the concepts on 
v>hich the course is based. In addition to carrying the phil osophy of the 
course, such a book will include answers to all answerable text questions 
and discussion of thought-provoking questions which do not have specific 
answers; additional questions and answers suitable for homework and quizzes 
will be Included, The book will also contain background enrichment helpful 
in lecture preparation ana practical advice concerning the experiments,, 

1'.c irigin u\ toe Pcjk w a jericas letters to the instructors in 1965-66. 
in i 966-67 it oecame a loose-ieaf noteoook incorporating all of the above 
features, but not in complete form for every chapter. Intensive work on 
this book during the summer of 196? will make it a useful volume for the 
instructor of the 1967-68 course. The PSNS Resource Book wi1! be free of 
charge to each instructor in 1967-68 and throughout the period of iis develop- 
ment. 
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0. The equfpinent 

The equipment is simple, in keeping with the philosophy of the course. 
During 1965-66 the equipment supply was handled by Professor Earl Carl yon* 
of the PSNS staff, working individually with an apparatus supplier. Dur- 
inq 1966-67 all supplying and shipping was handled by Damon Educational, 
Inc., with Professor Carl yon providing -liaison with the project. Because 
the experiments are an integral part of the course, close contact between the 
%riters and the equipment supplier has been important. Although some 
items, such as targe rubber bands, paper cups and glass tubing are readily 
purchased in most locations, we have found that busy instructors appreciate 
the convenience of having all the equipment for one experiment available 
in a package. y'' 

It is anticipated that the total annual equipment cost per^^udent will 
not exceed thirty dollars. The more costly it«ns are,re-usab1 e so the 
cost would drop apprec'<ab1y the second year. Sonje-ftems, such as test tubes 
and alcohol burners, may already be avail^te^^ the college and need not 
be purchased. 

III. How to Proceed You are Interested. 

,_-A. ' How to get newsletters and samples of the text 

At the end of this section is a blank for you to cut out, fill out and 
mail to the Director, Dr. lewis G. Bassett of Rensselaer Polytechnic Insti- 
tute, for samples of the PSNS Project newsletters and the 1966-67 text, 
including those supplementary chapters that are available. 

B. The teacher training institute 

During the sunnfer of 1967, an eight-week suntner institute in physical science 
will be held at Rensselaer Polytechnic Institute, with Professor Arnold A. 
Strassenfaurg of Stony Brook and Professor Stanley C. Bunce of R.P.I, as 
co-directors. Professor Strasser^urg will act as chief instructor, assisted 
by Professor Bunce of the Chemistry Department and Professor Wilfred E. 
Campbell of the Materials Engineering Department at R.P.I,, and Professor 
Robert L. Sells, Chairman of the Department of Physics at the State University 
College at Geneseo, New York, 

Attendance at this institute has not been limited to those who plan to teach 
the PSNS course the following year, but many of those attending the institute 
will be PSNS instructors. Special classes will be given in chemistry for 
those whose background is stronger in physics, and in physici for those whose 
background is stronger in chemistry. It is hoped that this will facilitate 
the teaching of an integrated physical science course by a single instructor, 
a result desirable for any course in physical science. 

We to hold a similar institute during the summer of 1968. Those in- 

terested in participation in the 1968 institute should fill out the appro- 
priate blank at the end of this section. Attendance at the institute is 
not a prerequisite for using the PSNS course. 



2S9 



338 



C, How to obtain materials for teacijfi^ the course 

The publisher for subsequent editions of the text has not yet been chosen, 
but this decision will be made soon. He will be the supplier of a third 
preliminary edition to be used during the next two academic years and a 
final edition for subsequent use. 

Damon Educational, Incorporated (2^10 Highland Avenue, Needham Heiehts. 
Mass. 02m), jrfio have supplied the PSNS equipment during the early years 

!L«!"y*! * f "^V !ff*^""* *° ■ equipment. Other apparatus 

companies may also be able to supply suitable equipmwit. 

We will need to provide the publisher and the equipment supplier with an 
Itl TJt ,^fn"n*er of students jjo will need texts and equipn»nt in 
the fall of 1967 ana the fall of 1968. At the end of this section is a 
blank J^iich you should fill out if you anticipate teaching the PSNS course 
in either of the two coming academic years* You will not be bound by 
your statements on this blank, but the project directors urge you to fill 
it out and send it in if you think you will probably use the PSNS materials. 
The purpose of this is to serve you better since the teyt publishers and 
equipment suppitd-s need to Know well ^ead of time approximately the size 
of the orders they will be required to fill. This does not constitute an 
an order for texts or equipment but does insure that they will be avail abe 
for your use* / 

Although no formal permission is' required for you to use the course, we 
reconmend that you keep in close touch with the directors of the project 
who may be able to give you valuable assistance. will welcome your 
comments on experiences in teaching the course. Such feedback provides 
the basis for continuing improvement in the course materials. 
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REQjJEST m SMPLE MATS?|ALS 

(Cut on broken line, fitt out and nwf! to Professor L. G. Bassett, 
Department of Chemistry, Watker Ld>oratory, R.P.I. , Troy, New 
Yorkl2t8t) 

Please send present and future PSNS newsletters, 1966-67 text 
and any available supplementary chapters to 

Nane: 

(Include title you prefer: Mr,, Dr. Prof,, Sister, Miss, etc.) 

College Address: _„„______^_,,««.»...,^_ 

(Include Department) 

(or other institution) 



(Zip Code No.) 
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EXPRESSION OF INTEREST IN PARHCIPAnON IN THE TEACHER "mAINING. 
INSHTUTE AT RENSSELAB? POLYTECHNIC INSTITUTE DURING THE SUKHBR 
OF t968. 

(Cut on broken line, fit! out and mait before May I5, 1967 to 
Professor A. A. Strassenburg 
State University of New York at Stony Brook 
St-^ny Brook, New York) 

I may wish to participate in the I968 Teacher Training Institute 

at Rensselaer Polytechnic Institute and would tike to receive 

additional information when it beccroes avait^te* I ^ now 

am not 

teaching a course in Physical Science, 
My most advanced degree is 



My major subject was 

Brief recc.-'-; of teaching experience; 

^ : i 



Name : 

' — — ^ r 

College Address; 



(Zip Code NoO 



mriCE OF IKTEMnOM TO TEACH THE PSHS COURSE 

(Cut on broken line, fill out mtd mail to 
Profess(H- A. A. Strassenburg 
State UnfveraUy of New York at Stony Brock, 
Stony Brook, New York) 

I expect to use the PSNS course during the academic year 

1967- 68 (Please Indicate.) 

1968- 69 

Estimated number of . students In course each year: 
Estimated average number In a sectlont 

How many. If any, lab sections will be taught simultaneously? 

(This win require roore equipment than successive ! abs where 
equljsnent Is re-usable.) 

Name of colteqet 

Type of cotleqes . 

{Community, liberal arts, private, state, junior, etc.) 

Names , 

(Include preferred tUle; Mr., Dr., Prof., Miss, Sister, etc.; 

Address? 



(Zip Code No.) 

• 
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IV. Th« R«r«omet of PSNS Project 

A. Members of the Advisory Board 

Lewis G. Bassett, Rensselaer Potytechnic Institute (196^^68) 
Walter E. Eppenstefn, Rensselaer Polytechnic Institute (1967-68) 
Donald F. Hoi comb, Cornell University (1 966-68) 
Alan N. Hoi den. Bell Telephone Laboratories (196*^68) 
Fr*nk R. Kille, New York State Department of Education (1964-68) 
Arthur H. Livcraiore, American Association for the Advancement of Science 
(1964-68) 

Charles C. Price, University of Pennsylvania (1964-68) 

Robert Resnick, Rensselaer Polytechnic Institute (1964-68) 

Robert L. Sells, State University of New York College at Geneseo (1964-68) 

Arnold A. Strassenburg, State University of New York at Stony Brook and 

American Institute of Physics (1966-68) Chairman of the Board, 1966-68, 
James H. Werntz, University of Minnesota (1966-68) 

Elizabeth A. Wood, Bell Telephone Laboratories (1964-68) Chairman of the 
Board, 1964-66, 

B* PSNS Staff (Dates refer to sunmer witing conferences) 

Dirftctor: L. G. Bassett, Rensselaer Polytechnic Institute (1965,66) 
Associate 

Directors: R, L. Sells, State University of New York., College at Geneseo 
(1965,66) 

A. A. Strassenburg, State University of New York at Stony Brook 
(1966) 

E. A. Wood, Bell Telephone Laboratories (1965,66) 

J. J. Banewicz, Southern Methodist University, Dallas, Texas (I965) 
S. C- Bunce, Rensselaer polytechnic Institute, Troy, New York (1965,66) 
Wc E. Campbell, Rensselaer Polytechnic Institute, Troy, New York (I965) 
E, L. Carl von. State University of New York at Geneseo, Geneseo, New York 
(1965,66) 

M. T. Clark, Agnes Scott College, Decatur, Georgia (I966) 
T. H. Diehl, Miami University, Oxford, Ohio (1965) 

Sister M. de U Salle, O.S.F., Alverno College, Milwaukee, Wisconsin (1966) 
W. £. Eppenstein, Rensselaer Polytechnic Institute, Troy, New York (I965) 

D. F. Holcomb, Cornell University, Ithaca, New York (1966) 
S. J, Inglis, Chabot College, Hayward, California (1966) 

J. L. Katz, Rensselaer Polytechnic Institute, Troy, New York (I965) 

H. M. Landls, Wheaton College, Norton, Massachusetts (1965,66) 

S. H. Lee, Texas Technological University, Lubbock, Texas (I965) 

W. J. McConnell, Webster College, Webster Groves, Missouri (1966) 

H. F. Meiners, Rensselaer Polytechnic Institute, Troy, New York (1965) 

E. J. Montague-, Ball State University, Muncle, Indiana (I965) 

L. V. Racster, Rensselaer Polytechnic Institute, Troy, New York (1965,66) 

A. J. Read, State University of New York at Oneonta, Oneonta, Hew York (1965) 

R. Resnick, Rensselaer Polytechnic Institute, Troy, New York (1965,66) 

F. J. Reynolds, West Chester State College, West Chester, Pennsylvania 
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R. K. Rickert, West Chester State College, West Chester, Pennsylvania 
(1965 66) 

R. S. Sakurai, Western College for Wwnen, Oxford, Oh^o (1965,66) 

J. Schneider, St. Francis College, Brooklyn, New York (1966) 

t. Smith, Russell Sage College, Troy, New York (1965,66) 

A, A. Strassenburg, State University of New York at Stony Brook and 

American Institute of Physics (1966) 
P. Vtestmeyer, Florida State University, Tallahassee, Florida (1965, 
S. E. Whitcwnb, Earlham College, Richmond, Indiana (1966) 
E. Wright, Montana State College Bozeman, Montana (1965) 
E. A. Wood, Belt Telephone Laboratories, Murray Hill, New Jersey (1955,66^ 

V. The Trial Colleges and Instructors (Numbers in parentheses are 
approximate nunijers of students) 

A, During the academic year 1 965-66 

Ball State University, Muncie, Indiana; E. J. Montague (880) 
Earlham College, Richmond, Indiana; S.E. Whitcomb (20) 
Miani UniversUy, Oxford, Ohio; T. H. Oiehl (20) 
Montana State College, Bozeman, Montana; N. Kutzman (30) 
State University of New York College at Geneseo, New York; 

E, U. Carl yon (150) . 
Webster College, Webster Groves, Missouri; W. J. McConneii ^30; 
West Chester State College, West Chester, Pennsylvania; R. K. 

Rickert (4o) 

Western College for Women, Oxford, Ohio; R. S. Sakurai (lo; 

B. During the academic year 1966-67 

Alverno College, Milwaukee, Wisconsin; Sister B. Handrup (lOO) 
Arkansas State Teachers College, Conway, Arkansas; D. L. Prince 
(59) 

Bloomsburg State College, Bloomsburg, Pennsylvania; N. E. White 

(100) „ ^ 

Catholic Diocese of Brooklyn, New York; Brother J. Donohue, Brother 

Gratian Ohmann, Sister J. Daniel (llO)* 
College of Noire Dame of Maryland, Baltimore, Maryland; Sister 

M. Avila (55) . ^ , , 

College of St. Benedict, St. Joseph, Minnesota; Sister Paschal (50) 
Earlham College, Richmond, Indiana; S. E- Whitcomb (25) 
Fairleigh Dickinson University, Madison, New Jersey; C. Grove W) 
Florida A and M, Tallahassee, Florida; Mrs. 1. E. Glover (lO) 
Green Mountain College, Poul tney, Vermont; L. W. Boothby (50) 
Harford Junior College, Bel Air, Maryland; J. D'Amario (70) 
Mansfield State College, Mansfield, Pennsylvania; R. H. Mason 

(I50) 

Meramec Community College, Kirkwood, Missouri; J. Wa1 ka (lOO) 
Miami University, Oxford, Ohio; T. H. Dieh1 (I5)* 
Montana State College, Bozeman, Montana; N. Kutzman (65) 
Nassau Conmunity College, Garden City, New York; S. Aronson (35) 
Newark State College, Union, New Jersey; A. A, Sil ano, J. Wagner 
(100) 

State University College at Geneseo, Geneseo, New York; E. L. 
Carl yon, R. L. Sells (I50) 

> 295 



Th« Cplorsdo Coftege, Cotorido Springs, CoTor«doj H, K. Snydtr 
{30) 

University of Southwestern toufsiana, Lafayette, Lou! s! anas 

Z. U LofUn (50) 
University oi' Texas, Austin, Texasj 0, Gavenda, K. Anderson (95) 
Vtebster College, Wtebster Groves, Missouri | y. J. McConnett (30) 
Western College for Women, Oxford, 0hio| R. Saloirai (16) 
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APPENDIX E-4 

Five Journal Articles 

REMOVED PRIOR TO BEING SHIPPED TO EDRS FOR 
FILMING DUE TO COPYRIGHT RESTRICTIONS. 
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APPENDIX £-5 
A Feedback Report Form 
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Cot 1 tge 



Ve hive just ffnf shed Chapter 



Instructor 



Date 



FEEDBACK FORM 



Experfments done In lecture room 

Chair-arm: 

D^nonstration: 
Experiments done in laboratory; 
Experiments done at home; 
Questions used as homework: 

Did some question (whether used as homework oi^ not) stimulate interest 
ing class discussion? Which? 

Please attach copies of other homework assignments or questions that 

you found useful . 

Are there parts of this chapter that you think should be deleted from 
the text? 

If so, state section numbers or indicate parts of sections or pages. 

Are there places in the text where you think fuller explanation 

(spelling it out more carefully, taking it more slowly or giving 
more examples) would be helpful? 
If so, where? 

Are there parts where you think the explanation is too full? 
If so, where? 

Are there related matters that you think should be added to this 
text, remembering that we are trying to keep it from getting too 
long? 

If so, what? 

The back of this sheet is to be used for further camient . In 
particular please make a brief note of any especially favor-ble 
or especially unfavorable reactions which you or the students had 
to iinythipg in this chapter. 

Were there places where a fuller amplification in tne Reference 
Book would have been useful to you? Where? 
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£v«tuat{oR of PSNSs Chapter 1-7 

CommMt on the style of writings Are there parts you Uke; don*t 
Hke: parts that seem too difficult or sophisticated! parts that 
seem too childish or simples Be specific in pointing out these 
.^portions. 



II. Consent on how logical you think the development Is to 



III. Comment on the approach: that is do you feel that the basic 

principles should be just stated or described rather than trying 
to develop them through experiment. 



IV. CoiTwent on the independent study experiments (those you did 

outside of class so that you could go at your own rate of speed.) 



On 
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Go through the text and conrient on the relevance of each experiment 
or activity. Did you feet that some experiments seeded trivial 
at the time they were done, but later fit into the total picture 
....|f so, which ones. 



Please consent on your reaction to the course. Be rather specific. 
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APPENDIX J-6 
The Welch Evaluation Reports 
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A Sunggatlve Evaluation of the PSNS Course. Part Ij Design an^i Impletaentatioti 

by 

Wayne W. Welch, University of Minnesota 

This report is the first in a series of articles describing an evaluation 
of the course called Physical Science for Nonscience Students (PSNS) . The 
course is one of several to evolve during the decade of the 50' s under the 
sponsorship of the Natioi^^l Science Foundation. It is unique, however in two 
respects; first because it is directed toward the nonscience major at the 
college level, and secondly, because it contracted to an outside agency for a 
thorougn evaluation of its effectivelness . It is this latter fact that is the 
main concern in this paper. 

Because evaluation of national projects is seldom conducted^ it seems 
appropriate to record in the literature the purposes and procedures of the 
PSNS evaluation. In the review article cited above only 19 of 65 projects 
have information available regarding the achievement of their goals. It is 
the purpose of this paper to present in detail the rationale for the PSNS 
evaluation, and to describe the chosen strategy and method of implementation. 
In a subsequent paper, the results of the evaluation will be presented. 
D esign 

When conducting an evaluation study, three distinct questions need to be 
considered. Answers to these questions give direction and guidance to the 
evaluator. First, why is the evaluation being conducted? Second, what is 
being evaluated? And finally, how should the evaluation proceed? Each of 
these questions is discussed briefly in terms of the PSNS evaluation probler.. 
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Why evaluate? q 

Evaluation is the gathering of information for the purpose of making more* 
effective decisions. These decisions usually serve the functions of course 
improvement or user information and are called formative and sujamative eval- 
uation respectively.' A related reason for evaluation is apparent to anyone 
who has conducted a study and is scsmething X choose to call supportive eval- 
tiation. It has very little to do with decision making,, but seems to grow out 
of the needs of men for positive reinforcement of the efforts they have put 
forth. While supportive evaluation is seldom, if ever, formalized, one cannot 
help but notice its presence among those contracting for evaluation services. 

The need for administrative decision making is exerting strong pressure 
on all funded projects for another kind of evaluation that departs from course 
improvement, user inf onaation, or reinforcement. A useful label is adminis- 
trative evaluation. It focuses on gathering information to aid those facing 
funding decisions; for example, state departments, USOE title officers, and 
local school boards. These people need to make decisions about which proposals 
to fund and which projects to continue funding. They are requiring more 
information to assist them in this task. Although related to the needs of 
project directors to gather information to insure the development of a quality 
product, the external funding decisions require a different focus of evaluation 
activity. Perhaps advances in the state of the art of evaluation will be made 
when techniques are developed for gathering the same data that satisfies all 
evaluation purposes: formative, summative, supportive, and administrative. 

Where does the PSNS need for evaluation fit into this classification? It 
appears that a final .product evaluation (summative) is being done for three 
prospective audiences; the consumer, the funding agency, and the developers. 
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Each has a unique interest in the results. Fortunately, each need can be 
satisfied in the same way. That is by answering the question, "Have the 
objectives of the course been achieved?" If the answer is yes. the consumer 
has additional infomat^.on for his adoption decisions, the developer has rein- 
forcement for his long years of involvement, and the funding agency has 
accountability for its investment. The answer to. "Why evaluate the PSNS 
course?" is primarily for summative reasons, with both supportive and admin- 
istrative overtones. What is to be evaluated and 4 proposed strategy for 
conducting the evaluation follows in the next two sections. 
yhat is bein^ evaluated ? 

The PSNS course grew out of a conference on the subject of college courses 
in physical science for uonscience students held by the Commission on College 
Physics with the cooperation of the Advisory Council on College Chemistry. It 
was funded by the National Science Foundation initially in 1965 with the goal 
of developing a suitable one-year course for the nonscience student. A commer- 
cial edition of the materials was available during 1969 ^tid the evaluation of 
the course was conducted during the 1969-70 academic year. 

The main objectives of the course are to improve students' attitude toward 
science and to give them an understanding of the scientists' approach. Using a 
great deal of laboratory work the course concentrates on the topic of the nature 
of solid matter - what it is like and how we find out about it. Perhaps its 
greatest departure from the more conventional physical science course is this 
focus in depth on a single topic rather than being a survey course. The course 
■ taaterials consist of a textbook containing both laboratory experiments and 
descriptive material, laboratory apparatus, teacher's resource book, and five 
supplementary chapters. Summer Institutes and workshops have been held by the 
National Science Foundation and the publisher, John Wiley and Sons, to acquaint 
college teachers with the course materials and philosophy. 
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: A nore detailed descjriptiotv oi: the . 2SJJS: Project is found ia the September, 
1966 issue of the American Journal of Physics , entitled "PSNS Project at RPI". 
QX ia the Commission on College Physics Newsletter tJ'IJ (October, 1968). 
How to evaluate . 

As one searches the curriculum evaluation literature, or is involved in 
different evaluation studies, a number of approaches to evaluation are available 
These might be called (1) time series experiments^, (2) control group designs, 
(3) objective achievement (Tyler model) , and (4) accreditation studies. An 
example of each is given to illustrate the approach. A time series experiment 
occurs when a school system introduces a new scheduling pattern, but before 
implementing it gathers achievement scores and graduate questionnaire data. The 
new program is introduced and two years later the same data is again gathered 
and compared with the baseline data. Changes in outcomes give clues to the 
impact of the new schedule. 

The second pattern follows traditional research design methodology and 

is illustrated by the national random selection with random assignment of 

physics teachers to experimental and control groups of the Harvard Project 

3 

'Physics evaluation . 

The AAAS evaluation plan specified behavioral objectives and sought to 
determine if students were achieving these objectives. This is the procedure 
of the Tylerian approach. Extending this pattern to a school system could be 
accomplished by stating a series of behavioral objectives for the school and 
then determining the extent to which these objectives are achieved. An example 
from a current evaluation study^ Iw^- a local school system sets as a specific 
objective, "80% of the students will respond positively to the statement, 'I 
prefer flexible modular scheduling to conventional class scheduling.'" Data 
is then obtained to determine if this objective is achieved. 
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Fin*Xly, the fourth 4esiga is typified by school accrediting agencies 
(e.g. North Central Association) where local staff oeiabers and outside 
consultants place value judgments on the educational opportunities available 
in a given school system or program. 

The strategy chosen for the PSNS course is best characterized as a 
ccntiol group comparison. The primary objectives of the curriculum are 
identified and the evaluator determines if the experimental program achieves 
these objectives more effectively than other alternatives. While objective 
determination does not insist on a comparison group, the existence of possible 
alternatives (in this case, conventional courses) sujjgest strongly the need 
for a comparison. When a course is developed to achieve certain objectives, 
the responsibility exists to demonstrate not only that the objectives are 
achieved, but that they are achieved more effectively than iu other viable 
alternatives. Accordingly, a control group design was chosen for the PSNS 

evaluati<f>n. The components of the design are described below. 

/ 

Testing plan 

Although some authors have questioned the feasibility of national curric- 
ulum evaluation using rand'omized groups, the success of the author in the 

3 

evaluation of Harvard Project Physics provided encouragement to try a 
similar design for the PSNS evaluation. Schools and teachers were sought who 
could teach the experimental course (PSNS) and who were also teaching a 
conventional physical science course. Students were then randomly assigned 
to either the experimental or control group. Table 1 illustrates this design 
as presented by Campbell and Stanley.^ 

(Insert Table 1 about here) 



307 



376 



EVALOmOH DESIGN rQ& PSHS CUHRICUI.IIH 



ERIC 



377 

In th« figure, O's represent several different tests, given both as pretests 
«Qd posttests. The X represents the experimental treatment, the PSNS course. 
Once this research design was chosen, it becane extremely important to find 
colleges and professors willing and able to cooperate within the rather strict 
limitations imposed by the design. 
Sample selection 

The names of all potential teachers using the PSNS course In the fall of. 
1969 were obtained from the text publisher, John Wiley and Sons, inc. They 
had mailed nearly 1500 prmotional packages to all potential physical science 
professors in the spring of 1969. In April, a request -for-comment letter was 
sent to each of these professors asking them their opinion of the course, and 
to return a questionnaire indicating if they were going to teach it during 
1969-70. On May 1, all replies received to that date (n-275) were culled and 
a total of 59 professors indicated they were going to be teaching PSNS. 

On May 5, a description of the evaluation and a letter of invitation were 
mailed to these 59 prospective cooperating teachers. Those professors and 
their students able to abide by the rather restricting conditions of the 
experiment became the sample of this study. A total of 48 teachers replied to 
the invitation and 13 indicated they were able to cooperate -ccording to the 
specifications. Later one'had to withdraw because budget probletas did not 
allow him to introduce the new course. This left a total of 12 professors 
that comprised the sample of the evaluation study. The 12 instructors came 
from 10 different colleges in eight states, representing a diversity of college 
environments . 

Several comments are in order here for those researchers faced with similar 
problems. May 1 was necessarily chosen as the cut-off deadline for returns to 
the publisher because of the need to reach professors before the school year closed 
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HovBver, « popuX*tioa of 59 At that point was considered adequate aiace we 
could not involve aore than 20 due to financial limitations. Because we would 
b« making demands on the testing time of the professor and because they would 
be teaching both PSNS and a conventional physical science course, a modest 
honorarium of $75.00 was offered to the instructors. In retrospect, this was 
not nearly enough for the requests we made. However, we received wonderful 
cooperation, and the success of this evaluation study is largely due to the 
coop«iration of these 12 professors and their colleges. 

Briefly, each professor agreed to teach at least one section of PSNS and 
another physical science course, to randomly assign their students to either 
the experimental or control course, and to administer a series of pre and post 
tests during the year. The results of the sample selection are presented in 
Table 2. , 

(Insert Table 2 about here) 

Test selection and development 

As mentioned earlier, the two main objectives of the PSNS course were to 
change students' attitude toward science and to develop in them a sense and 
understanding of the scientist's approach. Considerable thought had gone into 
enlarging upon these two objectives, a rarity in curriculum development groups. 
It is important to point out at this time that gains on traditional achievement 
tests were definitely not an objective of the program. The focus was on student 
attitude and process understanding. The components of this learning as per- 
ceived by the course developers is shown in Table 3. 

(Insert Table 3 about here) 
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SESULTS OF SAHm SEtECTIOll 



School 


Ettimated 

PSNS Enrollnent 


Estinaced 
Control Enrollc^nt 


^eatmeat 
Dmratlon 


Control 
Text* 


▲ 


44 


41 




B' 


B 


54 


117 


Taar 


C 


e 


52 


54 


Saactter 


A 




49 


44 


Senester 


B 


s 




30 


Semester 


A 


F 


14 


25 


Year 


A 


e 


30 


55 


Semester 


A 


B 


24 


21 


tear 


C 


X 


44 


44 


Tear 


C 


J 


23 


35 


Semester 


c 




46 


49 


Semester 


A 


L 


30 

Total 425 


60 
575 


Semester 


B 



'Text Code A. Balser aad Krauskopf, "Intro, to Physics aad chemistry" 

B. laXes^et al, "College Physical Science" 

C. Other (Each school used a differeut text) 
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Tabu 3 

Objectives off tha ?SHS Course 

Sabstantive } 

1- To esieottr&se the observatloa o£ natural, pheaoseiui amotig college studenet 
who Are ftossscieacc majors. 

2. To encotirage curiosity about natural pheaooena end to teach noasciense 
studeate how to formulate questions about physical situations. 

3^ To teach nonscience students how to propose models and hypotheses to aid 
in onderstaoding the behavior o£ matter and energy. 

4. To teach nonscience students how to design simple, controlled experiments 
to test their hypotheses. 

5. To teach nonscience students how to analyze experinental results. 

6. To stimulate an awareness of problems of current interest to scientists. 

7. To provide for nonscience students a basis for recognizing the limitations 
of science. 

Attitudinal: 

1. To convince aoascience students that science is fun. 

2. To persuade aonscience students that with effort, every intelligent individual 
can learn to analyze events in a scientific 

3. To convey to nonscience stodents a sense of the beauty of the natural 
world and the power of logical analysis. 

4. To develop in prospective teachers an appreciation for the use of simple 
scientific apparatus to illustrate an idea. 

5. To generate in each nonscience student a confidence in his own ability to 
successfully seek answers to questions about the natural world. 
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Admitttdly, tr*niUtioQ of th«f« objectiv«B iato datt Is « hasardous task. 
However, several techniques have evolved in recent years that seem valid to 
measure these objectives, especially at the group level. Let us consider the 

process goals first. 

TWO existing process Instruments, the Test on Understanding Science (TOUS) 

7 

and the Welch Science Process Inventory (SPI) were thought to contain several 
items measuring the objectives of the PSNS course. These instruments were given 
to three of the course authors with instructions to select those items where it 
was thought that a student completing PSNS would definitely possess sufficient 
process understanding to answer the item correctly. Thus from a potential pool 
of 60 TOUS items and 135 SPI items, a samr le of PSNS process items was selected 
by three course judges . An item had to be selected by two of the three judges 
for inclusion in the PSNS Process of Science Measure (POSM). Using this selection 
criteria, a total of 114 items were chosen, 24 from TOUS and 90 from SPI. These 
items comprised the measure of the substantive course objectives. 

The sei-nntic differential technique was chosen to evaluate achievement of 
the attitudinal objectives. Again the course authors were presented with a series 
of semantic differential concepts and scales that had been used in previous 
science evaluation studies. They were asked to select those items that appeared 
to measure the objectives considered important in PSNS. For example, in response 
to the concept SCIENCEr, students were asked to rate it on a seven point scale 
between Fun and Boring. This was considered one way to measure attitudinal 

objective number one. 

Two other testing techniques were chosen by the evaluator to represent 

instruments not specif icslly oriented towards the PSNS course. The Physical 

9 

Science, scale of the Academic Interest Measure assesses interest in school 
subjects and normative data is provided for college students. 
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This itutruaitnt will provide dtta oa the type of itudent thet enrolls in the • 
PSNS course end^will be used to determine what changes in interest tske plate 
as a Result of the course. 

^ second non-PSNS developed test is the Scientific Attitude Inventory^ 
recently developed to measure intellectual and euotional scientific attitudes. 
The test-retest reliability of this instrument- is reported by the authors to 
be 0.93- 

The five testing instruments were combined into two booklets, the Process 
of Science Measure (POSM) and the Attitude Measure (AM) and mailed to the 
participating professors for administration during the first two weeks of 
school. Total testing time for the pretests was two class periods. Biographic 
information regarding the students was obtained using the front page of the POSM. 

A total of 430 PSNS students completed both instruments while 571 students 
in the control courses took the pretests. Expected attrition in both the 
experimental and control courses did occur during che year so that fewer numbers 
completed the posttests. Much of the attrition is due to the one semester 
science requirement by the colleges. After completing the first half of the 
course to, satisfy the minimum requirement, the student opts not to take the 
second semester as an elective. 

Posttests were mailed in order to be administered during the first week of 
May, 1970. Many schools begin exams in the middle of May and one always runs the 
risk of an anti-intellectual feeling that seems to creep into colleges with the 
cooing of spring. A total of 305 PSNS students and 362 control students completed 
the posttests and were returned by June 20, 1970. The completed test comprised 
one source of data for the course evaluation. As a check on the operation of the 
experiment and to meet students and teachers personally, the evaluation director 
visited seven of the participating schools during the year. Time was spent 
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di»cu««ing the course with students, *n<i visiting classes snd laboratories in 
both eacperimental and control schools. These visits proved particularly 
informative on the logistic problem in teaching physical science, provided 
insights into the difficulties encountered by students and teachers, and 
served to validate the data obtained by the paper and pencil techniques . The 
subjective impressions of these visits will comprise part of the final evalua- - 
tion report' 
Results 

Currently the data obtained from the design and implementation stage is 
being processed and will be presented in a subsequent report. Planned analyses 
include analysis of variance between tlie experimental and control groups, 
differing effects of teaching the course for one semester and one year, sex 
differences, and effect on students of various majors, particularly prospective 
elementary teachers. The data also provides a basis for a number of research 
sttjdies and is currently being used by two doctoral candidates. The PSNS 
evaluation study provides a means by which these students have access to schools 
that would otherwise be closed to thera. 

As a guide to others facing similar .evaluation problems it seems appropriate 
to discuss briefly the results of the evaluation strategy and implementation. 
Several facts emerged from this college curriculum evaluation that arc summarized 
here . 

1, Evaluation of a national curriculum project in a dozen colleges and 
universities using nearly 1000 students is possible due to the fine 
cooperation received from the cooperating professors. 

2. The National Science Foundation is interested and willing to support 
evaluations of the projects it funds. 

3, Cooperating teachers should be paid an honorarium commensurate with 
the duties they are asked to perform. In retrospect $75.00 is 
inadequate . 

4. College students will cooperate in the evaluation of college programs. 
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5* Eandom Assigcment to .(eae|}er:^nt«l and control groups is posilble to 
« X^itcd degree £or curriculuca evaluation. 

6. There is considerable attrition among students enrolled in physical 
science courses. The decline in the PSNS course was 29%, in the 

'control classes it was 37%. Visits with students and faculty indi- 
cated the primary reason is the one semester physical science 
elective requirement of the schools. 

7. The control group pre and posttest design chosen for this evaluation 
supplemented by on-site visitation* seemed adequate to obtain the 
desired information. 

Based on this summary, it would appear that apart £xsm any differences to 
be found in the results, the chosen strategy and method of implementation offers 
a viable model to others contemplating curriculum evaluation studies. 
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EVALUATION OP THE PSNS COURSE 
FART II. RESULTS 

by 

4 

Wayne W. Welch 
University of Minnesota 
Minneapolis, Minnesota 55455 

This paper is the second of a two-part series describing the evalua- 
tion of the course called Physical Science for Son-Science Students (PSNS). 
The background and strategy of the evaluation is described elsewhere 
(Welch, 1970) . The purpose of the current paper is to present the findings 
of this nationwide study. 

As a brief review, the reader is reminded that the study involved 
approximately 1,000 physical science students drawn from 12 colleges in 
the United States. The students were randomly assigned to an experimental 
treati nt (PSNS), or to a conventional physical science course that served 
as a control for the evaluation. A series of attitude and cognitive tests 
were administered to both groups. The results of the study are grouped 
into four general categories: I. Characteristics of physical science 
students, II. Impact of the PSNS course on selected variables, III. Effects 
of duration of treatment, and IV. Impressions from site visits. 

I. Who Enrolls in College Physical Science Courses? 

The purpose of this section is to present some background character- 
istics of the students enrolled in college physical science courses. Apart 
from the intrinsic interest science educators might have in these students, 
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there is an obligation of the evaluator to describe the subjects of the 
evaluation study, n some differential treatment effect is detected, it 
is io^jortant for the decision maker to know the group of subjects being 
affected. Accordingly, the students enrolled in the PSNS course and in 
the other physical science courses were asked to provide information about 
themselves as part of the testing battery. 

A questionnaire of approximately 15 items was administered as part 
of a pre-test package. Areas of interest included career plans, previous 
science training, and current college status. The summary of responses 
from 1,009 students located in 12 colleges scattered across the country 
is presented in Tables 1 and 2. 

(Insert Table 1 about here) 

The large majority of students enrolled in physical science are under- 
classmen with slightly more women than men taking the course. One of the 
target groups for the PSNS course was prospective elementary teachers, and 
it appears that this group does select physical science in fairly large 
numbers. While business majors top the list, the combined total of general 
education, elementary and secondary education (39 per cent), exceeds all 
other areas. 

(Insert .Table 2 about here) 

The number of high school science courses taken by this group of 
students approximates figures reported for typical high school graduates 
(Bo.ercker, 1966); that is, nearly all have taken biology, about half have 
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BIOGRAPHIC CHARACTERISTICS OF 1,009 STUDENTS 
ENROLLED IN COLLEGE PHYSICAL SCIENCE 





Number 


Per 
Cent 




Number 


Per 
Cent 


Sex 






Major 


201 


20 


Female 


567 


56 


Elementary Education 


Kale 


442 


44 


Business 


199 


20 






Education 


149 


15 


Year 






HuSiaalties 


115 


11 


Freshioan 


580 


58 


Fine Arts 


73 


7 


Sophomore 


279 


28 


Social Studies 


57 


6 


Junior 


103 


10 


Secondary Education 


45 


4 


Senior 


34 


3 


Science 


27 


3 


Other 


12 


1 


Law 


14 


1 






Other 


129 


13 
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TABLE 2 

PREVIOUS SCIENCE EXPERIENCES OF 1|^009 STUDENTS 
ENROLLED IN COLLEGE PHYSICAL SCIENCE 



Per 

Course Taken Number Cent 

High School Biology 899 , 89 

High School Chemistry 531 \ 52 

High School Physics 210 21 

High School Mathematics 

One Year 102 10 

Two Years 294 29 

Three Years 305 . 30 

Four Years 219 22 

Other 56 5 

None 33 ' ; , 3 

'■^ 

Other College Sciences 

One Course ^ 238 24 

Two Courses 57 6 

More Than Two 32 3 

None 682 68 
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completed high school chemistry, and approximately one in five has taken 
physics. In addition, nearly 90 per cent have completed at least two 
years of high school mathematics. 

At the college level, 32 per cent of the physical science students 
have taken at least one other college science course. The extent of the 
science and math background of these students was greater than ^ expected, 
particularly at the high school level. These findings suggestj the new 
course might properly be aimed at the non-science major rather than the 

non- science student. 

Another way to characterize a group of students is to compare them 
against available normative data on various tests. This was done for the 
current sample of physical science students. Scores obtained by this 
group on the Academic Interest Measure and the Science Attitude Inventory 
were compared with the normative data for these instruments. The results 
of this comparison are presented in Table 3. 

(Insert Table 3 about here) 

Examination of Table 3 reveals differences between the physical 
science group and normative data for a sample of college juniors. The 
physical science group expressed greater interest in the areas of social 
sciences, physical sciences, and biology than typical college students. 
They were less interested in mathematics. Again these results support 
the statement made earlier. Students enrolled in physical science appear 
to be interested in science, and to call them non-science students may be 
misnomer. Perhaps the clue to their main characteristic is the low 
interest in mathematics exhibited by these students. 
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TABLE 3 

ACADEMIC INTERESTS OF 1,009 STUDENTS ENROUED IN COLLEGE PHYSICAL SCIENCE 

Physical 
Science 

Group Norm Group^ t 
. ■— Mean S.D. Mean S.D. Difference Value 



Academic Interest Measure 

Social Sciences 22.1 7.7 19.4 9.0 t2 7 t7 

Physical Sciences 19.1 7.2 18.0 8.5 t2.1 +6*1= 

Mathematics 15. 0 8.9 16.9 8.7 -1.9 -5 0^ 

20.6 7.7 16.3 8.8 t2,3 +6;8«= 

Science Attitude Inventory 112.2 11.8 106.6^ t5.6 



Sample of 1,170 college students. Reported in Halpern, Gerald, 

Scale Properties of the Interest Index," Research Bulletin 
^^^"^O^^^Educational Testing Service, Princeton, New Jersey 

^Sample of 67 high school biology students. 
^All t values significant at the p<.01 level. 
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The rather high interest in social science can be explained by the 
large proportion of the students raajori«g in the related fields of social 
studies, education, business, and the humanities. 

Unfortunately, the only data available on the rather new Sirience 
Attitude Inventory is for tenth grade biology students (Moore and Sutman, 
1970), hardly a valid comparison for college freshmen and sophomores. 
' However, the mean score for physical science students is presented for 
future reference. It can be seen that it is considerably higher than the 
biology group. T tests were not computed for the difference because 
standard deviations were not available for the biology group. 

II. Course Effects 

The second type of result obtained in this evaluation study is a 
determination of the in^jact of the PSNS course as measured by various 
testing instruments. Several tests were selected by the evaluator and 
the course authors that appeared to measure the two main objectives of 
changing students' attitudes toward science, and to develop a sense and 
understanding of the scientists' approach. These instruments are 
described in some detail in Part I of the evaluation report (Welch, 1970), 
but are reviewed here briefly. 

Attitudes toward science were determined by the Scientific Attitude 
Inventory, and by ten cluster scores of a semantic differential test. 
Students were asked to respond to the concepts, Doing Laboratory Experi- 
ments, Myself as a Science Teacher, and Science, on a series of bi-polar 
adjectives. The adjectives were selected on the basis of a priori 
hypothesized clusters. The existence of these clusters was checked on 
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the post-test data. Unfortunately, the reliability of the clusters 
envisioned for the third concept of this study, Science, were too low 
to be included in the final results and were deleted from the study. 
Furthermore^ no other logical cluster structure was found. However, the 
hypothesized clusters for the two concepts mentioned earlier did exist 
and were used as criterion instruments in this study. 

The reliabilities for the 14 dependent variables used in this part 
of the analysis are presented in Table 4. The other tests of the study 
are the Test on Understanding Science (TOUS) , and the Welch Science 
Process Inventory (SPI). 



\ 



(Insert Table 4 about here) 



The main analysis of this study compares two different treatment 
effects on the 14 post-test variables listed in Table 4. As mentioned 
earlier, more than one dependent variable was needed to evaluate the 
many stated and suspected outcomes of the PSNS course. The appropriate 
analysis technique in this situation is a multivariate analysis of 
varianc.2 (Cramer and Bock, 1966 ). Because the variables are correlated 
in some arbitrary manner, the separate F tests are not independent. No 
exact probability that at least one of them will exceed some critical 
level can be calculated. The multivariate F test takes into account 
the correlations among the 14 variables. However, in the belief that 
some observers may be interested in individual variables, all univariate 
F tests are also reported. 

The null hypothesis that was tested was that there was no mean 
difference between the two treatment groups (psNS versus other physical 
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TASLS 4 
INSTRUMENT R^IABILXT^ 



Test 





r 


Ns 


Method 


24 


.61 


628 


K-R#20 


90 


.85 

• 


628 


K-R#20 


60 


.93 


Manual 


Test-getest 


16 


.93 


Manual 


K-R#21 


3 


.84 


657 


Stepped-up ra 


3 


.84 


657 


Stepped-up rn 


3 


.84 


657 


Stepped-up rn 


3 


.68 


657 


Stepped-up rii 


3 


73 


657 


Stepped-up xn 


3 


.82 


657 


Stepped-up 


3 


.59 


657 


Stepped-up rn 


3 


.49 


657 


Stepped-up 


3 


.54 


657 


Stepped-up r^i 


3 


.52 


657 


Stepped-up ra 



Cognit ive 

Test on Understanding Science 
Science process Inventory 

Affective 

Science Attitude Inventory 
Academic Interest Measure 
Physical Science 

Me Teaching Science 
Pun 
Useful 
Interesting 
Safe 
Easy 

Doing Experiments 
Fun 
Useful 
Interesting 
Safe 
Easy 



Ni • Number of items, 

Ne - Number of subjects used to compute r. 
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science courses) on all 14 variables simultaneously. The means and stan- 
dard deviations of the post- test variables are presented in Table 5. 

(Insert Table 5 about here) 

An P ratio was coaaputei for the mltivariate test of the equality 
of the mean vectors, if this F value exceeds the selected .05 level of 
probability, an overall difference in treatment effect^ is indicated. 
Justification then exists for examining the univariate F tests to deter- 
mine the direction and relative size of the course effects on each of the 
independent variables. Here again, the level of significance was set 
at the .05 level. The multivariate and univariate tests of course effects 
are shown in Table 6. 

(Insert Table 6 about here) 

Examination of Table 6 reveals the existence of an overall treat- 
ment effect on the 14 variables. The indicated p level is 6.4 x 10'^. 
Thus justification is provided for rejecting the null hypothesis of the 
equality of the mean vectors. Examination of the univariate F's reveals 
the character of the course differences. Significant differences exist 
on six of the 12 attitudinal measures of the course effects. Although 
differences on the two process variables favor the PSNS course, these 
differences failed to reach the chosen significance levels. Thus it 
appears k-easonable to conclude that the PSNS course is successful in its 
stated goal to change students' attitudes toward science, but not success- 
ful in providing students with a greater understanding of the processes 
of science. 
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TABLE 5 

TABLE OP POST-TEST MEANS AND STANDARD DEVIATIONS 
FOR TWO PHYSICAL SCIENCE TREATMENTS 




Test on Understanding Science 
Science Process Inventory 

Academic Interest Measure 
Physical Science 

Science Attitude Inventory 

Doing Laboratory Experio«nts 
Fun 
Useful 
Interesting 
Sa£e 
Easy 

Me Teaching Science 
Fun 
Useful 
Interesting 
Safe 
Easy 



34.43 


7.52 


32.89 


7.82 


tl.54 


112.3 


11.7 


110.3 


13.6 


t2.0 


4.24 


1.18 


4.31 


1.24 


- .07 


5.87 


.80 


5.89 


.97 


- .02 


3.66 


.67 


3.60 


.65 


t .06 


3.80 


.73 


3.95 


.79 


- .15 


4.41 


.91 


4.38 


.98 


t .03 



4.42 


1.22 


4.25 


1.30 


t 


.17 


5.98 


1.13 


5.90 


1.34 


t 


.08 


4.80 


1.35 


4.67 


1.47 


t 


.13 


4.10 


1.00 


3.94 


1.12 


t 


.16 


3.23 


1.07 


2.99 


1.10 


t 


.24 



N 

PSNS - 301 
Other - 356 
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TABLE 6 

MULTIVARIATE AND UNIVARIATE F TESTS 
. PSNS VERSUS OTHER 

Multivariate F = 1,682 p<.001 



Uaivariate F Tests 
Variable p 



P Value 



Test oa Understanding Science 1.64 

Science Process Inventory 1.09 

Academic Interest Measure 

Physical Science * 6.57* 

Science AttitiuJe Inventory 3,99* 



Doing Laboratory Experiments 
Fun 
Useful 



Easy ^ 2 



.20 
.30 

.01 
.05 



<1 .44 
<:i .81 



Interesting 1 21 27 

S^fe 6.*07* .'01 

.78 



Me Teaching Science 

2.77* .09 
Useful <1 

Interesting 1,27 .26 

3.74* .05 

^^^y 7.78* .005 



■p <.io 



d.f. = 1,655 
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«hen compared to other physical science courses, PSNS students 
indicated greater interest in science (AIM), and had more positive 
attitudes toward science (SAI). They also perceived themselves when 
teaching science to be higher on the clusters labeled Fun, Safe, and 
Easy. 

The one negative attitude effect was on the cluster, DOING LABORATORY 
EXPERIMENTS, Safe. PSNS students rated their doing of laboratory experi- 
ments less safe than the more conventional physical science "ourses. 
One is prompted to suggest that the great diversity of experiments pro- 
vided in 'the PSNS course offers greater chances for hazards, and the 
response reflects this situation. However, this remark is little more 
than speculation at this time. 

III. Treatment Duration Effects 

A question frequently asked the PSNS course developers was "Can the 
PSNS course be taught in one semester rather than in one year as intended?' 
This part of the evaluation analysis provides some data to help answer 
that question. It turned out that approximately half of the colleges 
participating in the study were offering the PSNS course for the academic 
year, while the other half taught it in one semester. A similar situation 
existed in the control classes. Although the reasons for the difference 
were unrelated to the purposes of the course, e.g., only a one semester 
requirement, conflicts with other classes, and the like, a comparison 
was made of the effects of taking the course for one semester rather than 
for one year. 

The variables selected for this part of the study included two proces 
tests; the Test on Understanding Science (TOUS) and the Welch Science 
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Process Inventory (SPI), and two attitude tests; the Academic Interest 
Measure and the Science Attitude Inventory. A two-way imltivariate 
analysis of variance was conducted testing the effects of course, dura- 
tion of treatment, and their possible interaction. Because of the corre- 
lation among the dependent variables, a significant mltivariate F test 
provides justification for examining the univariate F's in detail. Again, 
the analysis was done on the post- test scores. Students were used as the 
unit of analysis because of the hypothesized interaction of students with 
the course materials rather than with the teachers. 

Cell means and standard deviations for the two-way analysis are 
presented in Table 7. 

(Insert Table 7 about here) 

The multivariate and univariate tests of the significance of the 
effects are shown in Table 8. 

(Insert Table 8 about here) 

Here we see the strong impact of the duration effect, that is, the 
one year, treatiaent was iaore Successful than a one semester treatment. 
Although the finding is consistent with our logic, , caution must be urged 
in the interpretation of these results. Even though there is a signifi- 
cant duration effect on all four variables, the source of this variation 
may be due in part tb the dropping out of the poorer students after 
completing the one semester requirement in physical science. No control 
was exercised over those students selecting the year versus the semester 
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TABLS 7 

MEANS AND STANDARD DEVIATIONS 
POST-TESTS 





PSNS 
Semester 


/ 
PSNS 


Year 


Other 
Semester 


Other 


Year 


Variable 


Mean 


S.D. 


Mean 


S.D. 


Mean 


S.D. 


Mean 


S.D. 


Academic Interest Measure 


18.6 


7.7 


17.9 


6.8 


16.5 


8.0 


18.5 


6.8 


/ 

Science Attitude Inventory 


1U.5 


12.9 


114.4 


12.4 


1C9.3 


13.5 


115.0 


12.9 


-^est Qn Understanding Science 


10.6 


3.0 


12.4 


3.8 


10.2 


3.7 


12.9 


3.7 


Science Process Inventory 


69.6 


8.0 


73.8 


6.4 


69.3 


9.7 


73.0 


7.1 
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TABLE 8 

MULTIVARIATE AND UNIVARIATE F TESTS 
COURSE X DURATION 





Course 


Effect 
Duration 




Multivariate v 

* 


1.51 
Univariate F 


18.45° 


Interaction 
1.20 


Acadetaic Interest Measure 
Physical Science 


1.19 


6.22*^ 


3.41^ 


Science Attitude Inventory 




13.75^ 


1.47 


Test on Understanding Scienc 


e < 1 


46.44l> 


1.73 


Science Process Inventory 


<1 


24.52^5 


<1 


d 


•f. 1/653 


1/653 


2/653 



< .10 

< .05 
^p<.01 
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treatment . This is contrary to the main analysis of this stiidy vhere 
students were assigned randomly to either the PSNS or Other course. 

.However, assuming that our statistical tests and logic agree, we do 
note a strong itnpact of duration on all four variables and must conclude 
that students learn more about the processes of science and have more 
positive attitudes when studying physical science for one year rather 
than for one senester. The results are consistent regardless of the 
course studied, PSNS or some other physical science course. 

Part of the reason for urging caution on the part of this finding 
is related to a previous study which found no correlation between the 
time of treatment duration (within a 25 to 62 day limit) and achievement 
gains of physics students (Welch, 1968). Because the current results 
contradict the previous finding, further study is suggested. 

Another problem in this finding related to the attitude changes 
(AIM and SAX) is that the overall change for both groups from pre to 
post-test was negative. That is, students' attitudes declined between 
pre and post- tests. This finding suggests that the decline is greater 
for one semester than for one year, a puzzling result considering there 
is twice as much of something students find objectionable. Perhaps the 
explanation lies in pre-climatic experience for those taking the course 
for only one semester, the full impact not being appreciated until one 
academic year has passed. In spite of the cautions expressed above, 
there does seem to be a significant duration effect that is not related 
to the type of physical science course studied. Achievement gains are 
significantly greater, and attitude decline is less for the longer 
treatment. 
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IV. Impressions From Site Visits 



In this section, an entirely different approach is taken to provi/de 

f 

^ittforioat ion that tnight be useful t> decia^oa makers, the ultia^te purpose 



section some information will be summarized that was obtained through 
personal visits to seven of the 12 colleges participating in the study. 

Because of the departure from usual research studies, it seems useful 
to provide some justification for including the judgment of an observer 
in this report. The criteria by which one judges the worth of an evalua- 
tion study is the usefulness of the information to a curriculum decision 
maker. In this study, I believed that my impressions from visiting 
schools and talking with students and professors would be use|ui^ to the 
course developers. They were in agreement. Hence, this section is a 
summary of my impressionfi from those visits. 

There were several objectives to be achieved through the one or two 
day visits to the participating colleges. These are listed below: 

1. Interview students in the PSNS and conventional courses to 
obtain their opinions about the respective physical science 
courses. 

2. Interview professors participating in the experiment to 
determine the general success of the course and to identify 
any serious problems that might exist. 

3. Obtain first hand impressions of the way in which physical 



science courses are taught in college to better understand 
the data being obtained by the various paper and pencil 
means , 

Determine if the experimental course, PSNS, was being tau$ 
in such a way to qualify it as a valid evaluation of the 
course. 



of course evaluation. Earlier sections relied on standard research design 
techniques to obtain some treasure of course outcomes. However, in this 
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5. E«t«bli«h p«r«ottftl contact* with the instructors participating 
in the e^^eriment to insure the cocapletion of the experiment. 

6. Develop skill in judgment as a viable evaluation technique to 
be supported by data gathered in other ways. 

A word of cotmoent is in order about points 5 and 6. I was concerned 
that some of the participating schools might decide to drop out of the 
evaluation study, once they realized the magnitude of the task being 
requested of them. In order to reduce this possibility, part of the 
visit was designed as a public relations effort to insure the continued 
cooperation of the instructors. In addition, periodic phone calls were 
made to all 12 cooperating instructors to maintain contact with them 
throughout the study. 

Objective 6 is not directly related to the current project, but 
grows out of a need to seek other valid means for curriculum evaluation. 
By testing the value of on-site visits, it was hoped that further advances 
in the state of the curriculum evaluation art would be made. In my 
opinion, because of the accomplishment of objectives 1 through A, visita- 
tion to participating schools in a national evaluation effort such as 
this is highly desired. ^ 

Because of time limitations, I wa» able to visit seven of^he 12- 

instructors participating in the evaluation study. The average time 
spent at each school was six hours. This is not a long time, but it 
did permit me to spend considerable time with each professor, interview 
19 students and sit in on 14 physical science classes. It also provided 
an opportunity to form some subjective impressions that are summarized 
below. 
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The following observations are in ay best judgment typical of the 
situation that occurs in college physical science offerings in general 
and in the PSNS course in particular. 

1. Six of the seven instructors were very enthusiastic about the 
PSNS course and had plans to increase enrollments the following 
year. One person was uncertain about continuing the course 
because of his concern about the limited topics of the course. 
He believed that a content survey approach had greater value to 
students and was considering returning to a more conventional 
course. 

2.. The PSNS course seemed best received when it was taught in 
self-contained classroom style to 20 to 30 students in which 
laboratory work was part of the normal daily routine. 

. The PSNS course imposes its own structure that is not compatible 

with current physical science structure. It seems no more effective 

than traditional courses when forced into one or two large lectures 

per w6ek with one scheduled two-hour lab section. 

J. ,In every instance there was strong evidence that the PSNS 
course was in fact being taught as the experimental program. 

4. The major problem with the new course is the difficulty in 
obtaining laboratory and demonstration materials from 
equipment suppliers. 

A universal complaint during the evaluation year was the delays 
and problems the instructors encountered in ordering the new equipment. 
Hopefully, this problem will become less acute as the course gains wider 
acceptance. 

5. The other problem most often voiced about PSNS is the amount 
of time required to prepare for a typical class. 

Included here are problems of assembling new material, greater 
emphasis on laboratory apparatus, and the reorientation to teaching in 
a non- lecture manner. Again it seems reasonable to expect this 
problem will diminish as instructors become more familiar with the course. 
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----^ 6. There waa little discernible difference in the reactions of 
students to the two courses. 

Students in both courses were about equally supportive of their 
particular physical science experience. PSNS students talked about great 
interest ia science, while the conventional students expressed satisfac- 
tion over knowing what was expected of them, and appreciating that a 
survey course was better suited for their intended occupation. 

7. Instructors pick and choose a great deal in designing a 
physical science course. This is particularly true vrfien 
the course is offered for one semester only. In the case 
of the PSNS course taught in one semester, a great deal of 
material must necessarily be left out. 

8. In conventional physical science courses, the principal mode 
of operation is the lecture. Five of the seven conventional 
courses provided no laboratory experiences as part of the 
course. 

Summary and Discussion 

This concludes the presentation of the information gathered in the 
summative evaluation of the PSNS course. Within the restrictions of 
time and money, I have tried to select information that would be of use 
to curriculum decision makers. The eventual judgment of the study aaist 
be made by these decision makers based on whether such information is 
of value to them. Can a college professor make judgments as to whether 
or not he should adopt the PSNS course? Can the funding agency or its 
representative decide if their investment was worth the value received? 
Finally, do the course developers have son^ glimmer of hope that their 
six years of effort have produced a new physical science course that 
is capable of achieving their objectives? The information gathered in 
this study cannot provide yes or no answers to these questions, but only 
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contribute further to the storehouse of information available to each 
decision maker. If the information assists him to make a wiser decision, 
then this evaluation study has been successful. If such decisions are 
beyond reconsideration and the results of this study have no influence, 
then this evaluation is a failure. While educational research can 
subsist on the generation of knowledge alone, evaluation enjoys no such 
luxury. It is a practically oriented activity, and judgments of its 
success or failure must be made on practical grounds. 
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